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PREEACE TO THE SECOND EDITICMM 



Laboratory Attnities jo^ Biology has j)een tested by some 1,500 students' during the 
1970-197*1 schootyeai, and*w4i"s very successfully used^by leathers in the Thirteen College Curric- 
ulum Program and m tfTfe Five College Consortium. This edition reflects^the changes that teacheih 
felt would improve the usefulness of this workbook in guiding students through laboratory expeii- 
t^nces in the biology course. Teachers use this manual together with the new Tcaiher^s Guide To 
Laborati)t\ Aiitniics for Biology and Teatlter's Guide to Classrf^ofn DiSiUSlions for Biology , both 
being publicatiqns of the institute for Services^to Education. 

J 9 \' . ' ^ \ ' . • " 

ACKNOWLEDGEMENTS ' ' ' ' 

. We gratefuUy acknowledge the contributions of the followmg people to this compilation. Dr.' 
Pans M. Allen of the ISL staff wrote Exercise 6. Part of Exercise 16 was contribute'd hy Reid 
Jackson of Har\ard Graduate School of Education. Martin 1 Carey of Clark College developed 
parts of Exercise. 30, and Robert J. Anthony, of Jackson State College wrote Exercise 42. 



Charles M. Goolsby 
Washington, D. C. 
May; 1 97 1 



PREFACE TO the' FIRST EDITION - 

^ The Thirteen Colleges CurricLrium Program was started in 1967 "as ^a cooperative venture ni 
curriculum development between the cojieges ^nd tlu; Institute for Services to Education through 
Its Cvirriculum, Resources Group". When the Biology coijrse became defined it ^ougljt tojgr,Ovide 
laboratory experiences which were relevant to students ^nd which captured their interests and 
curiosity. By the sumiher of 1969 teachers in thJ Biology pr<)gram were able to indicate? concretely 
the kipd of laboratory experiments which were of most intares\ The present series of laboratory 
activities js based upon the kinds of e)^ercisvs and experiments that they indicated as being appro- 
priate and interesting to the beginning college student. Because the experime-nts and exercises were 
appended toyeighj separate units of study the're was some^overlap' of experiments anii of units to 
which they /were- related. In many j&ases related exercises and experiments wer<^ brought^ together as 
parts of aySin^le exercise. A fevJ^ncw ex>:rcises have been added/ In tl;e Table of Contents the unitv 
of the 1969 CR<j Biology Teacher's, Curriculum Guide to wjiich thcf^-xercise is related has been 
indicated. ^ * * • 

r -r . ' • Charle^^I. Gortlsby , ^ 

» 'Newton^Massachli.setts 
JiHy, 1970 ' ' ' • 

.•■■/■■ . ■ • ■ . • 
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■ The t)iology teacheft'who have participatea in this development through Ihe summer oT 1970 

\ ■ 

ALABAMA A &.M COLLEGE Jimmie L. Cal, M.Ed. (1967-1970), Rather brown, M.S. (1970; ), 
. , • . GeorgeGraysort,M..S.( 1970S) • ' . • • 

BENNETT COLlIgE: Perry V. Mack, M.S. (1%7- ) ' • - • 

BISHOP^COLLEGE 'Willie^M. Clark, M^./i967-1970). Mrs. Versia Lmdsay Lacy, M.S. (1970- ), 

'In the Modified-ISE course: Wasi M.'Siddiqui, Ph.D. (1969- ), Herbert 
Alexander, M.S. (1969- ). Ehsan'A. Syed, M.S. (1969- ') Mrs Rose W 
Burke. M^. A. (1969-1970) ... 

CLAj^lC COLLEGE :/Martin J. Carey,M.S. (1967- ), F. Rusinko,"M.S. ( 1970S) 

FLORIDA A & M. UNIVERSITY: Louis Stallworth, M.S. (1967-1969). Purcell B. Bowir MS 

(1969-1970),Mrs?IreneR,Clark.M.Ed.(I970-.) 

JACKSON STATE COLIEGE: Robert J. Anthony .M.S., M.Ed.\l967. ), Mrs. B. Hender'son, M S 

(1^70S) . ■ \ ' y . ' ' 

LINCOLN UNIVERSITY: Harold C. Bank's, M.S. (1967,1968, 1969- ^ 

M.A. (1967-1969), Mrsp4rene R. Clark. M-.Ed. 
• (1969-1970),Mfs. Robin M.Griffith. M.A.,M.A.T. (1970- ) 

NORTH CAROLINA A &'T STATE UNIVERSITY: Mr'sl Elizabeth D."ciark.-M.3. (1967- .) 

SOUTHERN UNIVERSITY. Baton Rouge.' Louisiana. Robert H.Cobbins,M.S.'( 1967- ) 
TALLADEGA COLLEGE: Muriel E. Taylor, M.,A. ( 1 9.67-. "), Mrs. Mae T. (proves, M.S. ( 1 970- ) 
TENNESSEE STATE UNIVERSITY: Mrs. Alice C.Smith, M.S.' (1967- ) • . - \ 

♦ * 

Beginning with the summer of 1970 teachers from six adcfitional mstitutionsare participati 
m the curriculum development program. They are: 

ELIZABETH CITY-STATE UNIVERSITY: Thaddeus^V. Behsley. M.S. ^ 
. FAYETTEVILLE STATE UNIVERSITY: Mrs. Valerie L Flemrng. M.S. " • 

LANGSTO^ UNIVERSITY: H^old W. Toliver, M.S. ' ' 
SAINT AUGUSTINE'S COLLEGE: Chandra P. Misra. Ph.D. 

• SOUTHERN IJNIVERSITY, Shrevepor'^, Louisiana. Mrs.- Rebecca B. Anderson. M.s\t. > /- 
TEXAS SOUTIJMK UNIVERSITY: Charles H.Bennett, M.S. - . 

/ ' . ,' 

I^togram Associates from the INSTITUTE FOR SERVICES T0 EDUCATION: 
Charles M.Goo!sby, Ph.D. (1968- ), Dan A. 0basyn, Ph.D.'(l 969-, ) 
Paris M. Allen. Ph.D. (1969-1 97(J) • ' 



ABOUT THE INSTITUTE FOR SERVICES TO EDUCATION 

The Institute for -ServlLes-k) Education was incorporated as a non-profit organization jn 1965 
and received a basic grant from the Carnegie Gjiporatkm of New V|3rk.*rhe organization is founjlejl 
on the pnncrple that education today requires a fresh examination of what is worth teaching and 
how to teach it. ISE undertakes a variety of educationaj tasks, working cooperatively with other 
educational institutions, under grants from government agencies and "private foundations. ISE is a 
catalyst for change. It does not just produce educational matenals or techniqu.es that are iqnovative. 
It develops, in cooperation with teachers and administrators, procedures for efCective installation of 
successful materials and techniqoey in the colleges. ' V 

ISE is headed by Dr.^Eiias Blake, Jr., a former teacher and is.staffed by college teachers with 
experience m working with disadvantaged youth ^nd Black yoJth in ejjucational settings both in 
predominantly Black and predominantly white colleges and schools. 

ISE's Board of Direcfors consists of persons in the higher education system With hist^ories of 
involvement in curriculum change. The Board members are: ^ ^ 

• .■ * * 

Vernon Alden, Chairman of the Board, The Boston Company . Boston, M^^^^huseJtts 

Herman Branson Pr^ident, Lincoln University 

Kingman Brewster, Jr. " Presideht, Yale University 

Donald Brown Thc-Center for Research, on Learning and Teachmg, University of 

Michigan 

-"Arthur^. Davis GraduateTrofessor in English, Howard University 

Carl J. Dolce ' Dean, School of Education, North Carolina State University 

Alexander Heard Chancellor, Vanderbilt University v' ' • " 

Vivian Henderson President, Clark College ' ' ^ 

Martin Jenkins Director, Urban Affairs, ACE 

Samuel Nabqi * Executive Director, Southern PellowShip Fund, Atlanta, Georgia 

Arthur Singer Vice President, SU)an Foundation, New ^ork New York 

Otis Singletary - Presideipt, University of Kentucky 

C. Vanp Woodward Professunjjf History, Yale University ' ^ 

Stephon Wrighj . Consultant to President of CEEB 

Jerrottl Zacharias Professor of*Physics,;Mas^husetts Institute of Technology 

ABOUTTHE THIRTEEN-COLLEGE CURRICULUM PROGRAM 

From 1967 to the present, IS^^ has been working Cooperatively with the Thirteen-College 
Consortium in developing the Thirteen-CoIIege Curriculum Program. The Thirteen-College 
Curriculum Program is an educational experiment that includes developing new curricular materials 
for the cxitfre freshftan year of college in the areas*of English, mathematics, social science, physical 
Science^ an J biolog^ anji two sophpmore y^ courses, humanities and philosophy. The program is. 
designed to reduce the-attrition rate of entenn^ freshmen .through well thought-out, oew curricular 
materials, new teaching styles, .an(l new "faculty arrangements for instruction. In addition, the 
program seeks tcj^ alter the educational patterriof the institutions involved by changing blocks of 
courses ra.ther than by .developing single* courees. In thi> sense, the Thirteen-College Curriculum 
»Pfogram*^is viewed not only as a curriculum program with a consistent set of academic goals for the 
st^paratc courts, but also as a vehicle ta produce ne.w and "pertinent educational changes within the 
fonsortium i^sptutions. At ISE, the program is directed by Dr. Frederick S. Humphries, 
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Vice-President The curricular developments for the specific courses^nd evaluahon of the {wogram 
are. provided by 'the following persons: • • . . < 



Social Science ' 



Mathematics 



Physical Science 



Cburs^ * \ ISE STAFF ' ' . ' 

English \ Miss Joan Murrell, Senior Program Associate 

' Miss Carolyn Fitchett„Program Associate 
Mr. Sloan WilHams, Program Associate \ ^ 
Miss Tiveeda Williams, Research Assistant^ 
Miss Ernestine Brown, Secretary 

*.% ^ 

Dr. George, King, Senior Program Associate 
Dr, William J. Massie, Jr,, Program Associate . ' * ^ 
Miss Nancy ^eyfnour. Research Assistant 
MissGJona Lowe, Secr"fetary 

' Dr! Beauregard Stubblefield, Senior Prcfgram Associate 
Mr, BernTis Barnes, Program Associate 
Dr. Phillip McNeil, Program Associate ^ 
Dr. Walter Talbot, Consultant . • . ^ ■ * 
Mrs. Debrah Johnson", Secretary ' ^ 

\ ^' 

Dr, Leroy Cglquitt, Senior Program Associate 
Dr. Ralph Turner, Consultant 
MrS; Cynthia Paig'ST^ecretary 

Biology * Dr. Charles Goolsby, Senior Program Ass9ciate ' ; 

Dr. t)aniel Obasun, Program Associate 
Dr. Paul Brown, Consultant 

Humarrities Mr. Clifford Johnson, Senior Program Associate 

Miss Marguerite Willett,-Secretary 

^ / ' • 

Philosophy Dr, Conrad Snowden; Senior Program Associate 

{ * ^ Dr, Henry Olela, Program Associate . 

» ' , Miss Valeria Simms. Program Associate . , ' 

Miss Judith Burke. ResearclwVssistant - 

Miss Faith Halper, Secretary ^ 
— J" • 

Evaluation ' • Dr. Thomas Parmeter, Senior Research Associate 

Dr. Joseph Turner, Senior Research Associate - 
' Mr. John Faxio, Research Assistant . 
' Mrs. Judith Rogers, Secretary . ' 

In -addition. Miss Patricia Parrish serves as general editor of the curriculum materials as well as 

an Admihistratjve Assistant to'the Director.. Mrs. Joan Cooke is-Secretapy to the Director. 

• . ' • • 

Xl"ie curriculum staff is assisted in the generation pf new educational -ideas- amd teaching 

6trategies by teachers in the participating colleges and outside consultants. Each of the curriculirfn 

areas has its own advisory committee, with members drawn from distinguished scholars in.tlie field 

*but outside the progri^m, ' , 



The number of collegcb participating m the program has grown tVpm tf^Longinai tlyftcen of 
1967 to ninfteerj in 1970. The original thirteen colleges arc: ^ * ' J ' 



. Alabama A "and M University 

Bennett College • 

Bishop CoHege 

Gark^^ollege ' , , 

Florida^A and M University 

^Jackson 'State College 
» Lincoln yhiversi'tv 

Norfolk State College 

North Carolina A an^d T State University 

Southern University , 

Talladega College , 

Tennessee-State University 

Voorhees College 



Hiintsville, Alabama - / 

Greensboro, North C-arolina 
Dallas, Te?^s 
Atlantia, Gt»Q£^, 
Tallahassee, ^OTi4a 
Jackson, Mississippi/ 
Lincoln University, Pennsylvania 
Norfolk, Virginia 
Greensboro, North Carolina 
Baton Rou^e, Louisiana - " 
Talladega, Alabama 
Nashville, Tennessee • 
Denmark, South Carolina ' . 



« A fourteenth college joined this consortium in 
Thirteen-CpllegQ Co.nsortium. th,e fourteenth mem,ber is: 



Mary Kolmes Junior College 



1968, although, it is still called Ihe 



Wes'^ Point, Mississippi 



In 1970, five more coyegesjDmc^'the effbrt alth6ugh linking up as a separate consortiunv 
members of the Five-College Conso/tium are: ^ - * , « * 



The 



Elizabeth City 'State U^iiversity • 
Lan'gston University 
SoutTiern University at Shreveport 
Sa^nt Augustine^s Cbllege 
Texas Southern University 



Elizabeth City, North Carolina^ 
, Langston, Oklahoma 
Shreveporf, Louisiana 
RalJiigh, North Carolina , « 
J1buston;Texas * 



, In ^97 1, eight nx^re colleges joined the curriculum developn'ient etTort as another consortium 
The member schools of tlie Eight Collegfe Consortium are: * \ ' ' ^ 



.Alcorn A and M College . 
Bethunc-Cookman College 
Grambling*Colltge ^ * ; " " 
Jaryis Christian College , \, 
LeMoyne-0\yen*College 
Southern University in New Orleans* 
University of N^aryland»,Eastern Shore 
Virginia Union Ur^versity 



Lorman, Mississippi ; 
t)aytona Beach, Florida 
Graniblijig; Louisiana 
Hawkins, Texas 
N^iVipJiis, Tennessee 
New Orleans, Louisiana 
Princess Anne, Maryland 
' Richmond, Virginia / 



The Tbirteen-College Curriculum Program has been supported by grants from. 

The Offrce of Education, Title III, Division of College Support 

The Office of Education,'Btireau of Re^^rch ' ^ 

The N^itional Science Foundation, Division of tire Undergraduate Education 

The Ford Foundation ' ' 

The Carnegie Corporation 

The Esso Foundation ' - 
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EXERCISE 1 ~ SCIENTIFIC METHOD 



The ''scientific method'' as used in biology is a tgsting procedure which has come to be 
attepted'by scientists. It has reached its present slate aiter men ol' stiente in different centuries 
have found that its sevefal components were necessary in order to take toiicepts anil philosophies 
and use them to solve both practical and theoretical problems. Therefore, a stientific experiemnt is 
an experience in applied philosophy.- ^ r * - 

Because it took a long time for men to discover this acceptable way of thinking about natural 
occurrences, of investigatrng iiuestions that made them curious, and o.f reasoning about the results 
of their investigations, we will not ^depend uport discov,ery for you to find out what the steps >vere.. 
Rafher we shall outime thtm and.theii let ^ou discover how it works in a real c'^tpefirhlint. 

Before we begin let us distinguish between experiments and exercises. All oiMhe activities in 
this manual are headed "Exercise This .is a convention for teaching convenience. An exercise is 
an activity where you acquire a skilj *that you may need to use later. An expenment is a procedure 
for finding out mformatioii. We can tell you what the skill h that you should learn in an exercise, , 
but we cannot alwiiys tell you exactly the outcome of the expemment. " ^ 

Steps In The Scientific Method ^ 

1. Observation of a phenomenon in the field or in the <aboratory which stirs the curiosity of the 
observer. ' 

2. Formation of an hypothesis (or probable cause) for the phenomenon. This may be an ''educated 
guess'* or maybe even a plain guess. It usually is expressed as' a qiiestion or as a statement to be 
proved right or wrong. 

3- Design oj an- u^xperiment that will test the hypothesis. There are several wa^^ to sequence an 
experiment but it must have one or more control groups. The Control group, represents the 
"normal" or what would* h4ppen if the ti^st object was not treated in any unusual way, as a rule. 
Something will 'be changed for the cxpennSental groups. A drug will be given, another chemioal 
used, the temperature changed, or the acidity will be different. Som^tilnes experimental subjects 
(such as a human patient, or a student) may not be available except one at a time. In such cases thtn 
same individual may be the experimental and the control for th6 experiment. 

For exaVnple< a small child has an eczema (rash), intense itching, and shows signs of headache 
after certain rn^jals, parti^ilafly Junch. Peanut butter and chocolate are of^en served for that meal 
and so they ar^ suspected to be the cause. That suspicion constitutes an hypothesis. Both chocolate 
and peanut butter are v^ithheld from all meals for a week, during which time the rash, itching and 
headache gradually disappear. The child is in the normal condition again and so tljis is the contrpl. 
at the end of the week. ^ - ' • ^ - 

Chocofate is then allowed for' lunch and the iUAiing returns in minutes. It wilhiot be given tjip, 
child again. After a few days when he has returned to norfhal he is permitted a^pc^^nut butter 
sandwich (which hejikes very much). There are none of the undxisirable reactions. On the basis of, 
these observations one can comt?/to only one position regardhig the child's sensitivity toward 
chocolate and peanut butter. The expenmeat is over ^nd *o,ne subject has stfrve'd as b9th normal 
control and abnormal experimental subject. ^ x ^ , ^ t 

A more usual type of experiment used in thq faboratory is One, that makes .use of many 
experimental subjects (animals, plants, tubq te^S) so that normal cojitipl reactions can be deter^ 
mined at the same time as one or many expermenfal groups are bei^Tg tested. This JsQne wAy to save 
a^great deal of time. . ♦ • * • * • ' * * ~# 
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4 Collection and '/fnaly'sis of Data Dala mayte observational (or qualilative) such as the color of a 
leaf or t)f a* test tube test, or it may be nieasuftm.ent data ([that is size, temperature, weight, etc.). 

5 Reaching conclusions^ bastid on tl?e data. Sometimes an experiment may be done to'dcmonstrate 
a Ia\* for the class In tliis i^ase ori^ tries to explain the-results by <qying, *'The X-Law says that this 
must happen, and ydu^.se| that, it did." De'ductioH, howevef*. has not led to much scientific 
.disl-overy The usuc^J *f 'rocedure is" to J-eason from the-data (^acts) toward an' expression Which 
sam^arizes tl\e activity Such a'conclusion is called a generalization and this process of reasoning 
from the particular (facts) to the generar(stattment) is called reasoning by induction in j:ontrast 
with reasoiriiig by deduction. * . • > ■ . 

6. Accq)taftce or rejechion^i^ xhe starting hypothesis: . ' , * 

'\ ^ * ' ' 

7 Formulation of a continuation hypothesis t* explain unexplained questions prising from the 
experiment, < ' -'t » f ■ . . 

Here js a simple e\p3riment. After you have. done it review the steps above and see what parts of the 
activity correspond with the steps in the scientific method. ^ ' 



*The Black Box" or 'The^hristmas Present" Ex^ment' 
(Suggested by Willie M. Clark; Bishop College) * 

You will"l>e provided with a closed 'box </f small size containing aii object. Your. task is to 
determine as many facts about the o'bject in the box as 'you 'can and'ta finally guess what is in the 
box. A set of objects, some, all or none of which may be in bbxes given to members of the class are- 
available Xhcre will also Bfe sortie /balances and perhaps ah empty box'ttke yours. Write down your 
observations as you go along and also your cpnclusidn as to tlje contents. The teacher will let you 
know when you can open the- box. Were ypu rfght?*If you were wrong, how do >;ou/feel about rt? If 
you were wroog, obtain a second box and sea if you can do any better. Relate wh'at you did to the 
Steps in tKe scientific method. • i-s)^' - - ' , , 

SCIENTIFIC REPORTS (ORIGINAL PAPERS)^ 

Scientific reports in biology refiect the use of the scientific method. They are usually written 
in five sections and ^fcholats, and researchers have come to look in specific sections for the kind of 
information they seek. . « • ' 

The first section rs the INTRODUCTION which gives the historicai^precedents for doing the 
aifiWll tj^^rrmepts.The introduction ends with hypotheses oxobjetti pes of the experi* 
flT It then follow's that the historical part sHould marsball the evide^ice that the objectives are 
reasonable. . • 

The secohd section is called MATERIALS AND^ETHODS as a general rule. In this secti(?n 
are listed the tnaterials used.^specific organs or tissues used, the organism from which they came, 
and the procedure used. (This section m^ay come from the laboratory Instructions so that they may 
be included as they ^re, but with any additional items properly entered.) 

The RESULTS' s^ection is third. In this section report your laboratory data and the requested 
computations (as a minimum) based thereon. In order to have results to report, it will be necessary 
to keep ^ laboratory notelJook. The notebook is required of all stucjgits. Complete your data and 
computations in your notebook. ' ' ' . - » , ^ 

The Report sheets for the exercises in this workbook constitute a kind of notebook. 

This section is^ written as directions to the student for writing up a scientific report of his own. It contains, 
however, the sam^ basic directions followed by the writers of most scientific reports m biology and biochemistry. 
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The DISCUSSION ib the name o' the fourtii section. The fundamental am here is Xo explain 
what happened in the experiment* Th % process gf explanation w^ll {i\\o\\^^luukin^up mfurmation 
^O'that y ou can tell whether or not y »ur results are in line with 'the findings of pthers. Thc^hief 
source of this mformation ks^to be. fc lihd in onginal papers appearing in, th? scieWLfic journals* 
referenue trea^ses and ^sometimes evefi in tjcxtbooks apd manuals. The best way to^begin looking uf) 
such information is to ga to an abstraat journal suvh as Chemical Absirac is oi'BiOlugical Abs^dLts . 
Look up the^subject irr the annual indiLes, staFfing with the mostrevent and working backward 
through the yeaKS. Ind^x references m Chemical Abstracts are by column number followed ^a 
location letter. Starting with Vol. 66.Ciemical Abstracts are listed, by number Biological Abstracts 
axe listed by abstract number. In both ceases* abstracts are grouped by a c^ategory /but* many times 
th|f y m5y be in some other caUgory also. Because of thi^. the abstract vVill be cro^s-referenced by - 
several sUt^cts, animals/ organs or pr^cejdures. The abstract is an abbreviated surtimary of an 
priginal article. By reading U you may (ither obtain the desired information or you may dett^rminc 
whether or not you^ ought to read the'^criginal paper. The standard form tor references is given in 
•the next section. Other primary s6iirce: are the Annual^^view of Physiology. Annual Review of 
Biuthemistty , and others in tlie Annial Revhw s^fies,/A3vanves in Carbohydrate Chemistry, 
Advarv4tts la Colloid Chemistry, Recent Advances in Hormone' Research are UtlvTs of otrfer annual 
series which seek to review recent deveopments. A list of journals relevant to this course will be ] 
found oti the laboratory bull<?tin board. ] - . , - ' . 

The 'fifth sectioa of the repoT^ is e jtitled Syi^MARY AND CONCLUSIONS. This is a.short » 
section which closes the report. I^te that this section h<s two pacts; Thg summary pr^^des the 
conclusions based on vawr data. * . * > ' * . 

, The last part of the tepbr^ is a list of REFERENCES used, The ^erm^'^fiibUography'' is used 
; only for complete Iistmgs of ^?ool^ and papers on a given subject and^therefore will not apply here. 
References may be made severahways in the text of the report. We, shall consijlfef it standard in' this 
course to list the names o( the author or authors in th'e same order in which t^^ey appear under the • 
title ot thqn priginal paper, followed by the year of publication ] in parentheses). I^the same . 
sequence of authofsiias more than one pliblication add* a smaJI a, b^c, eJ>j?^Wer the fear JiJ^^ . 
reference list gj^e the, last nai^ti'of the firsTt author folU)wed by his initials. If t?ier<?, is more thai^^y^ 
author, those after the first are listed initials first. After this comes the year of pubjicatioii^ien (fe* \ 
title of the paper, the journal, -tiTe'volume and page nunfii)ers. ^ 



^ 



Examples: 



jnftber 

w 



Clausen, H. Ft 1940, The atrophy of .the adrenal cortex follo^i^ing the administration of large 
amounts pf progesterone. Endocrinology, 27:989- 993. - )\ 

Gaunt, R. G..jfc. H. T'uthill, N. Antonchak. J. H. Leathem 1953. Antagonists to cortisone. An 
' ' -^actA -like act-ion of steroids. Endocrinplcigy, 54:272 283. ^ ' ^ 

Here are two examples of book references: 

Fieser, L. F. and M. Fiescr 1949. Natural Products Related to Phenanthfenes American Chemical 
Society monograph. Rheinhbid Publishing Co.. New York. 704 pp. Page 146. 

Dorfman. R. I. 1948. BUnhenustry o}\Androgens. in G. Pincus and K. V. Thimann (editors). The 
Hormones K Aciidemic Press, Inc., ^^rY. 886 pp: Pages 467-548i. 
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' REPORT ^HEET FOR EXERCISE I 



Notes on the Black^Box (Christm^ Present) Experiment 



t 



\ 



/ 



i 



■(■•; 



WBa^ do you think is in the box (before you open it)? ^ 

Were y.ou right? . r ^ * ^ ••: 

How do you ieel about it? ' . • ' 

Do you think that you sliould replace the o]}ject with one you tho^uglit should hav^ been -there if 
you were wrong*? /* . ' ♦ * ' ^ ' ' 

Are you going to fry the experiment agaSn with another ul^jinown box? f - • 

If so, use anotjiex sheet of paper for your tiotes and include it here. I ' 

■ * 

/ • . . 
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EXERCISE 2 ~ CONCEPTS OF MASS WEIGHT AND DENSITY 



Introduction 

The common wnit of weight in' the scientific laboratory is the-gram. This unit' md> be multi- 
phed to give hCavK'r units for convenieace in weighing heay>' objects or sttbJivided into smaller units 
for greater accuracy irt weighing light objects, espe*cially small objects. Prefixes used to designate^ 
multiples or fractions of a standard mass (weight), distance, qciantity, etc. are as follows. 



Prefix 



Meaning 



INumerical Value 


. Symbol 


^' 10^' or 1,600.900 


M 


7 10^ or 1,000 




10-' or .10 


• d 


■ 'lO-^ or .01 ^* • 




10•^.or .001 


m 


10-^ or ^. 000001 




i ■10'' or .000000001 ' 





Wega - .One^ Million 

Kilo - 'One Thousand" 

Dcci - One Tenth 

Centi ~ One Hundredth 

Milli - One Thousandth 

Micro ~ One Millionth 

Nano - One. Billionth 



Therefore, . multiples 'or 0"<i^^o"s> of ^ gran}* wouid be indicated by adding thij appropriate, 
prefix to:the term gram, viz: Kilogram, milligram, or niicrogram. * ' • * • , 



Unit of Weight 


•5 

. Comparative-Wdighl 




Abbreviation or Symb61 


Kilogram 


< 1000 Gm.<. 




Kgm, * . - * 


Centigram 


• 100 Gm. 




Cgm. 


Gram ^ 


1 Cm. 




Gm. ' . 


Milligram 


.001 Gm. • 




mg, or mgm. 


Microgram 


.001 Mg. 




ft St or y (gamma) 


Urilt of Measure 


Comparajyye Length 




. Abbreviation or Symbol 



* Kilometer 

' Meter y 
^ Centi/peter 
MiHirneter 

- Micron 

•Millimicron 
JVanometer ^ 
Angstrom unit 



1000 M. 

I M. 

.01 M. ,; 

.1 £^v; J. 

.001 mro^( , 

.O&l m'icrdn " 

.001 micron 

.1 nM 



Km. 
M. . 
cm. 
mm. 
/' or mu 

nM 
A 



o : 



;UB!T- 



fVti 



FATHOM- 



DIGIT 



THUtfB : 



< 

C/3 



r 




Drawing by Dorothy D'Anna 



Man was th^ original measuring tool.l^t one time or sfnother. almost every part of the human 
body was to measure length* ^t sinCe one mtn^s foot might be twice the length of his 
neighbor's, uniform lengths had to pe established. A^md eventually standard feet, yards, etc. 
were marked on rods and bars to-s^rvlt as units of fengtl;i. 



The metric system got its name jl'rofn the meter (meaning measure) and ^as conceived m 

France in 1792. The scientists that forhiulatecl It. based it upon what they thought were "natural 

standards.'"^ The unit of length, the meter, was ^upposedly l/lO,OOQ,bOOth of the distance from the 

equator to the North Pole on a line /passing, through Pajis. This distance was represented by a 

platinym alloy cylinder kept in Paris. IttH960 mt raster was reHjcfined as 1 ,650,763.73 wavelengths 

of the reddish-orange light emitted by a'femn with a krypton-86 (Kr^^) filament at a temperature 

of '2 10° Celsius (formerly CeTitigrade). The m6tei;,Jherefjpre, is not 1/10 millionth the distance from 

the Pole to the Equator but ^o many wavetength^ oHn arliit^^arily selected color of light. 

i I Sf/ o' V 

A gram was defined a$ the weight oC 1 ifubic centimeter of water at 4 ^Celsius. However, 1 

|ram is small, only' 0.0353 or just und^/ 1/28 ounce, so^that the kilogram was declared the 

international standard mass. A cylinder Of/plaiiiium weighing just as much as 1 cubic decimeter { 10 

cm, per side) of water at 4.0*^0., was the^oiflar standard an^j^.was known as the Kildgrapi ot the' 

Archives. It also was kept Qea& Paris. JThii w«s replaced with a harder platinum-iridium alloy 

cylinder in 1889 and is maintained neaA^fis: as Prototype Kilogram No. 1. As nearly exact 

duplicates as.it is possiWd for our engineering t^ make have been prepared and sent to different 

countries. Prototype Kilogram No. 20 ps Kef>t in the National Bureau of Standards in Washington. 

D.tr.. and all woj.king weights in the united States are directly or indirectly compared with \C Tlius 

a kilogram is no longer the weight Af lOOO' cubic centimeters of pure vya^ b.ut the weight of a 

standard piece of met^* ' ' * 



UsefuluFormulae 

Area of a * * * ^ , 

square or rectangle = length x width . . • 

triangle = base x height " ■ . - • 

trapezoid »= base X altitude ' . ^ • 

circle =7rr2 = Vau^^ = 3.1416) , , 

sphere = 4 it r^ ' 

» *^ 
Voluroe of a' . * ^ ' 

cube or rectangular block = irea of base x height « 

prism = area of base x altitude ^ ^ 

cylinder = ar«3 of base x altitude 

cone or pyramid '= I/? area of base x altitude • • o ' 

.sphere = 4/3 ^ \ ... 

^aterials and.Equipment^^^ ' . • . 

1 triple beam* balance ' I I -ml. pipette 

I aluminum weighing pan " . .1 large itait • ^ ' " 

I Physiological weight (5 or 10 gms.) Ethyl alcohol 

1 lOTml. graduated cylinder^"^' . - Glycerol \ ^ 

I rhetric ruler (cm. and mm.) : r 4 small beakejs 

I 10-ml. pij)ette / • ' . ^ • - . / 

Part A. Weigf\t of an Aluminum Pan and of a Physiol)igical Weight. - ! r * , 

- ^ ' * . - , . ' , . .-^.^ 

Be sure lhat The balance is level and that the weights are at ZERO on their scales. 

Place the aluminum weighing pan on the balance. , * . * 

Adjust the weighl&.untiKthe beam swmgs equidistantl> above and below the index marKj for the 
beam ind. r . . ^ ^ ^ 

Record the weight of the pan (tare weight). 

Now add the jjiiysiblogical weight to the weighing pan.. , 

Adjust the weights, Read' and record the gross weight. * ' ' 

Return the weights to ZERO' and compute the net weight of the bar. ^ , 

Part B. Measuring A Solid - - . 

I . Determining, the volume of an object of easily measured dimensions: 

Take a mm. ruler and measure the physiological weight* estimating the fractipns of a. mm. 

, aloh^ each edge ^(length, width, depth). - , / y 

Record dach measurement and compute the volume. 

LiV oc^ your answer sheet an> factors which affect the accuracy of the measurement of 
tltiVitem. ^ ' , ^ ^ 

Take a*lO nth pipette. * , ' 

Draw Nf^t6r up'int6 it above the 5 mL mark. 

Quickly place the index finger over the top of the pipette. ^ ^ 

Release] fluid from the pipette until the base of the meniscus is exactly on the 5 ml^ mark. 

i ' ' 

Now^transfer the water to a- 10 ml. graduated cylinder. If the pipette has k ground glass 

ring at the mouthpiece you must blow out the last drop of water for accurate nreasure- 

mertt» ^ome ptpettes, called measuring pipettes, are not graduated to the end of the tip. 

Always check the kind of pipette, yowari using^ The fluj4 in the cylinder should come 

• exactly to the 5.0 ml. mark. If it doesn't, adjust it with a dropper and continue to 
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^practice the art of fillm'g and enipi>ing >ouV pipctlc until >ou have iiiastered the lech- 
'niquc wirii acciiraty ' » ' 

•Place the ph>siolpgical wt^ight irrto the graduated cyhnder by letting it j^kde gently down 
the side ot the^ylinder • ' 

. . . Read tho^yolume at the base o1 the nieiiiscus. Record -It. *• 

Subtract the original volume (5.0' ml.) from the final volume. 
Ht)w does this compare with the volume deleKiliined by measuring with a ruler^ 

♦ . Now weigb^a hard to measure object'^like a large nail and determine itsVolunje lining the 
graduated cylinder. * - y 

What IS the difference^ between .scales'and a balance*^ i 

1;^ gravity the same strength at all points on the surface of the earth? ' 
2 Deqisity . • ^ 

Divide the weight of the physiological weight by its volume to-determme the grams or 
milligrams per'cubic centimeter. ' ' - - . ' , . 

. Now divide the volume by the weight to determine the cubic n?m^ per mg. of weight. 
Convert these values to gram.s^per cubic centimeter. ^ i \. 

What is the weight per iinit of volume called?^ 

;3 , Pipettmg and Viscosity ^ ♦ - " . 

"» ' ' '• 

. Fill the pipette exactly to the I.O xs\\. mark vvith water. Determine the time in seconds that it^ 

takes for the water to ru'h out;*Repeat this four mqfe times. Average your result? and determine the 

.Standard error of ihii^mean. (See pa^e.9- 1 for procedure.)* ' . " , 

, Uvng, tfie same pipette, repeat \\k above procedure using alcohQlvlikn 46 ii ySth glycerol'.* 
Before'^^ahing the trials /with a new solution, rmse out the pjpette with.satile ofW'ftext solution 
tfiat yoir will^measure the behavior of a liofnogeacou^ mixture. Repeat^bijfiitvciepcnds upon the 
accuracy with which you fiJI the pipette.' . 

' > • • " . ' *^ ^ ^ , • ' • , * ' 

Using the time that it took water to run out of the pipette asc 1.000, compute what the relattve 
viscosities of alcohol and glycerol would be by divicjiifg the time for water into the other times. 
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REPORT SHEET FOR EXERCISE 2 



* .' - " • 

Parf A. Weights . • 

* t 

; Gross weight (pjin and physiol/ weight) — 
Tare weight (pay alone) • — 

Net weight of physiological weight — 

* » ^ * * ♦ 

Weight of the large nail * , . • — 

Part B. \j[easuring a Solid ^ 

Physiological weight: .Lerfgth . inji^. Width 

Volurne = 



jnm^ or _2L 



\ 



_gm's. or '_jL_ 
_gms. or 



-gms/ or 



^ms. or 



jngms 



_/ngms. 



_mgms' 
jngms. 



_mm. Depth 

^3 



_cni* 



Factors whi\>h made the (post accuraleyneasurement uncertain were. 



H — ^ 



» 



Volume measured in a cylinder: 

Volume after adding the weigfit 
Original yolume of water 
Volume of solid 

Volume after adding the nail - 
Original volume, of water 
Volume of solid 



.ml. ^ 
_ml. 
jnl. or 



JTll. 

Jill. 
jTil. or 



_mm" 



Factors affecting the accuracy of the measurem^t of volumes by ihi^ Method jncfude. 



J- 2: 



Density .'^ ' 

Physrblogical weight: d = Wt7vo[/ = v 



Large nail: 



y . d '= Voi7Wt. ^ 
d = ^./Vol. = - 



d = VoK/Wt. = 



_gms./ 

_gm./^T^I'. 

_ml./ 

_ml./gm. 

__gms./: — 
_gm./mU 



_ml. 



_-gms./-l 



-gms. 



_nil. 
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REPORT SHEET FOR EXERCtSE 2lcontinued) 



V 



3. Pipetting and Viscosity * 
^Trial 'Water 



.AicoftoJ 



Glycerol • 



3 
4 

5 



Sum 
Mean 
"STapdard brror 



n Relative viscosiTy 



Questions' to be ans wered.. 



Water 
Alcohor 
Glycerol ' 



/i.ooa' 



I. What" IS the diTfcrcncc betv^cn scales and a balance? 



r 



2. Is ^avity the same all ovgr the ^artli? 



3 Why would it be that balances^re used in scientiric laboratories for weight determinations 
instead of scales? ' . . • 



4/ How many gram^ in an"^unce? . 
How many grams 1n a pound? 
How many grams' in kilogram? 
How many- pounds in a kilogram? 

* How'many centimeters m an inch? 
How many centimeters in a meter? 



»_1 [»^ *t 



A test tube may be I4mm^ x 140mm. These measurements converted to inches would 
be: ' " * . • » 

.—^ > — in. X _j in. 
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. 5. What particles of the atom *count for most of its weight? 



'7. Distinguish between the^mass of an object afid its weight. 



"fi/ r 



/ 



How^much would 1 cc. of protons weigh? 



er|c 
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EXERCISE 3 - DIFFRACTION OF LIGHT ^ 



A. Diffraction by'Prisms - ,f ' 

1.* Arrange a'n intense tight source, a tube or double slit in a box so that the column ofjight 
falls on a pnsm. Observe the spectrum obt.amed.b>^ placmg a*white,eard in the box as a 
screen. Ans,wer questions 5n the answer sheet. 




Now place a second prism next to the first so that the beam of light passes, through both 
of them, viz: ^ 




How would you explain the behavior of the beam of liglit? 

W?&en the size of the hght b^am and arrange the two prisms. so that their bases come 
together m the itiid4ine of the beam. This would be the bar-sl^aped equivalent of a double 
convex lens, . ' ♦ 




Move the prisrns closer to and farther from the screen. What is the effect? 
4. \ Now arrange the pnsms with ^heir apices to each other in the beam of light. 




23 




Diffraction Gratings 

Diffraction Gratings are pro^|ld .6y cutting many fine, parallel grooves in a piece "of 
glass or plastic. There are usually f^^J to I'S.OOO such grooves per inch. 

'Because these can be m^^^'d fn plastic. such gratipgs can now be obtained relatively 
inexpensively, and are used in,4e sftident type hancT spectroscopes provided in the laboratory. 
These consist of a paper tub|f <^ith a slit in the cover on one eiul and the diffraction grating in 
the eyepiece on the other. WHfen'held' to a light" source, the spectrum is seen at about 45° or 60° 
; from the line of sight to the slit. • • , ' 

Look at sunlight {^bf the sun) or a tungsten lamp. Is the spectrum seen uniformly bright 
and continuous? ^ /' • - - ' 

•■. I ' ' : ' ' 

, -Look at a n\ercvry vapopuourescent lamp. How does the spectrum^diffcr from that seen 
. from the white light pf incandescent 1dm ps? 

-i(iany uses ace' made in the laboratory of both thq visible light spectrum and the invisible 
Oo human eyes) spectrum in the infra-red and ultra-violet ranges. Instruments designed to 
measure the ampuni of light of specific colors absorbed" by liquids is.called a colorimeter if the 
wavelengths are intermittent (that is. determined >by filters), or a spectrophotom'et»r if a 
cdnlinuptf^ spectrum of colors is available* either from a prism or from a diffraction grating • 
•sy^tctn. . - y 



^peratioil of the^B & L Spectronic 20 spectrol)hotometer is described in Exercise 13, 




REPORT SHEET FOR EXERCISE 3 



A. Diffraction by Prisms 
' ■ Ir If red is number I . what is the order of the other colors in the spectrum? 

I red ' . 

' _ . . ; " blue 

: orange 

violet 

yellow 

' green 

look up the colors produced by these wavelengths of light. Match. 

Angstroms 

4200 I. red :#S 

.5600 2. blue , . 

6200 3. orange 



1 4600 -4. violet 

_ 5900 , 5. yellow 
_ 5000 6. green. 



2. , How*^ would you explain the behavior of the beam of light passing this arrangement of 
I^risrjis? ^ . ^ 



3. What effect did this arrangement of prisms have? 



2y 



REPORT SHEET FOR EXERCISE 3 



3-4. _ , , , 



4 • WHat effect did arranging the 'prisms with their dpices|togetherhav#on the beanf of li^t? 



DiffractiorrGratiiigs^rf \' ^^<?^'!- " * ' * ' ' / . . 

t . Was 'the spc^cti^um pf[sOnli&l]t and tha\ from a tungsten lamp iiea'rly the s^me?' ' ' 

2 . Ifbw didX|K? spectrum pF a mercury vapor JfluoiJokent lamp differ frdm^hat of a tungstep^ • 
. lamp? ^ , ^ V* > . . ' . . 



V 



4^ . 



3. What is a spectrophotome^ter? ^ 



4r 
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EXERCISE 4 ^ USE OF THE MICROSCOP^ 



The microsLOpe is an important oplitdl tool which makes visible details ol striKtiires. both 

biological and physical, which othvrw^se cannot be disLcrned witli the naked e>e The ^os\ of a 

niicrQscope varies LonsiderabI>> but m an> ^ase the niveslijient is Lonsidcrable Proper iKuidliiig- 

assures good service from the instruinenl as "well as reduc%) the probability ot small disabling 

dajnages^from oecurring. This L*xert.ise, therefore, is anped introducing the student tu the proper 

handling of the instrument and at the bame'time have' him handle the muros^^ope with cOiifidenLe 

and assurance ^o that he can t^oncentratc upon the material to be obscr\ed rather tliaii worry about 

whether he is going to damage the instrument. ' v 

/• * 

Part A. Parts of the Classical Light Alicroscope ^' 1 ' 

^Study the diagram on page 4*2 and identify^the eyepiece, body tube, arm. objectives, 
condenser, and base. ' . * 

^ Now iea4 Part B, transporting the Microscope." fiy the time you have fmishcd the teacher 
will ask you to identifjrtnv parts mentioned on. a real microscope before you ar^ asked to get the 
microscope assjgned to you from the cabinet. . > 

Part B. Transporting'the Microscope . , • . 

The microscope looks heav.y and many of them are heavy. This feature is^for steadiness when 
the instrument is in use and does not mean that the instrument is "rugged'' in the usual sense. 

L The microscope must not be jarred as, by dropping the flbor or the table top. This will 
cause the lenses to be knocked oOJt of alignment or even to break. ^ 

2. Therefore, pick up the microscope by the^arm (never by the body tube) and support the .base 
with your oth^r han3. ^ ' ' 

i.^Carry the microscope upright. Most microscopes have loose eyepieces which will Tall out if the 
instrument is carried on a slant " ^ - . ' 

4. Place the microscope upon the table gently, ' ^ -'^ 

Now coinplete^he identification of the parts of the microscope making use of the diagram on 

page 4-2 ^nd answer thcquesfions on the report sheet^ 

, J" 
Part C. Cleaning the Microscope ' ' * . 

1. Always use lens p^per or optical tissue. Never u^e handkerchiefs, facial or bathroom tissue, paper 
towels, typing paper or emery cloth. / . ; * 

2. Wipe ti^e gl^s surface., changing the R^ace on the^paper after eijoh wipe^Thts is done so that if 
any grit is •picked up it is not scrubbed back ar)d forth over me lens. If tj^ere is an encrusted 
substance on the lens, we^a piece of lens paper with water and wash off^the lens, then dry with lens 
paper. 0o nqt huff (blow.) on the lens to moisten it because small droplets of saliva come out with 
the breath and the protein itxOntains tends to Ieave';smears on the glass. p * . 

The surfaces to be cleaned are the: upper surface of the eyepiece 

, , * objective lenses ' . ' » f 

lippfer surface of the condenser ' 



Parts of the Compound Microscope 



Draw tub§ 



Coarse adjOstmerit 
head 



Fine adjustment 
head 



^rm 



Eyep^ce 




Body Iub6 

Revolving nosepiece 
ObjeqtiC'e (H.P.) 

Obiective (J,.P,) 
Stage. 

Abbe condenser 

Mirror fork , 
Mirror . 



I^Qurtesy of th^ Bausch and Lon)b Optical Company- 



Part B Making an Observation \ 



i 

, :)servation 
f 

I. Put the low power objective (marked 1 .6 cm.) in, place. A spring clip s^ats the nosepiece exactly 
so that the lepSes are in line with the eyepiece. Use the course adjustment head to brmg the bottom 
of the objective abOut 1 .6 cm. VA inch) above the stage.'. . * • 



2 If your microscQpe has a condenser, adjust the plain sidje of the mirror so that hght is directed 
through the condenser If your. instrument (Joes ngt have a condenser, use the concave side of the 
mirror in order to focus light at the level of the stage. 

3. Rdib^^e condenser to stage level.'^Look through the eyepiece and adjust the iris diaphragm on 
ahe troi^j^^er or under the stage so that ihk lighted field is about tHe same size as the visible field. 

4' Place a slide containing a 2 mm. printed scale on the stage and secur&it with the spring clips or 
(jiechanical stage apparatus. Place the slide sc-that the part to be observed is in the light. Adjust the 
^locu*^ with the course adjustment h,ead so ihat the object is distinctly seen. 

How*' doe'^.the image move in the field compared with the way that the ^lide is actually moved on 

thftf stage? (Answer on the jeport sheet.) * ' ^ , - . 

• • • * 

5 Measure the diameter of the field to the nearest millimeter (mm.), Convert thq. mm. to microns 
by miiltiplYing Uy 1000 (ll300 microns, = 1 mpi.V 

6 Compute the magritfica^ion of the low power system by multiplying the rated magnification- of 
the Ocular (usually it is^lt)X, byl 'check yours to be sure) by the rated magnification of the low 
power objective (usually hOX, but check again to be sure/.* 

^ 7. Now rotate the noSepiece *to bring trfe high-dry objective (4 rtim.) into place. The hi§h-dry 
objective is usually rated ^about 45X and is marked for working aboi^J 4 mm. above the sUde. focus 
upwanl With the fine adjustment head. If the ^cale does not come into focus your microscope is ndt 
pai-foLai if it does, it is. (There is nothing ^oU can do about this now.) To find the object, watch'*^ 
from the side and lower the objective to a position near the slide (2-3 mm. abbve it), but not 
touching it. Now look through (he eyepiece andTocus upward with the'fine adjustment head. 

The course adjustment head should not be used for focusing high-dry and»ioil immersion objectives. 
Adjust the itis diaphragm so that the light jqst covers the field of view. High-dry and oil immersio^i ' 
' require increasing amounts of light. Wfiy? * ' * ^ . 

It is gQOd technique to keep-both eyes open. With a tittle prafcUce ybu can mentally repress.the 
vision in the eye not being used for microscopy, bqt at the sartM time you avoid the'' strain of 
keeping eyelid muscles contracted for long periods of time resuUinfiii:. muscle fatigue anfl possibly a 
little pain. * • * ' : 

8 Measure the width of theTield, estimating the last fraction of a mm. Convert your measurements 
to microns and record , them 0n the report sheet. ' 

9. Repeat Steps 7 and 8 for oil immersion objective, if there is one on your microscope. Perform 
these steps: . ' . . ' ' . 

* a. Add a drop ^>f immersion oil to the part of the slide to be observeS. 

b Lower the ol?jecfive until it touches the drop of oil. You will see a '"fiash of light" as the 
drop changes shape. ' ^ 

" * • • 

»^ c. Focus upward with the* fine adjustment head. 
10. Complete the computations on the answer sheet. 
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Part F. Computing the Resolution 

Magnification is oj importance but of cqu^l miportancc is the sharpness of the image. TIus is 
the .factor called resoluwm It is actually^ defined as the ability to separate visually two closely 
placed points this is a function of lens structure called its numerical aperture (NAJ and the 
wavelength (color) of the light being used. Below* is a nomogram which rel4tes these factors. 
Compute ^hc reso.lutionVor eiich objective lens system on your microscope. 

• Part G. Depth of Focus and Plane of Focus 
. > ; ' 
1 Obtain a slide of a tissue containing a lot of similar cells, such as a slide of mammalian liver or 
kidney, or a slide containing mostly a simple epithelium. ♦ * > ^ 

' 2 Put the low power objective in place. (Always begin observations with low poSver before going 
to high magnifications ) Bring the slide into focus and adjust the light. You will note some numbers 
on the fine, adjustment head See how many numerical units are included between being in focus at 
; the bottom of the tissue and 'at the top of the tissue (bottom and top with respect to the objective 
lens). . • - > 

' 3 Now go to high-dry. Is the whole depth of the tissue cells, which aVe about 10 microns thick 
(more or less) in focus as at one time? Is all of the nucleus of a cell in -focus at once? When the. 
. boHom of the nucleus is in focus is the top of it in focus? When the bottom of the cell is in focus is 
the top of it in focus*' How many numerical units on the fine adjustment head are there between 
having the bottom of the cell in focus and the top of it? 

The plape of focus is usually fiat. The depth of f^us is approximately the same at the various 
magnifications and refers to the depth of the plane in focus. 

Part H. Using'the Zoom Microscope ' ^ . \^ 

'^If you are to use one of the more simplified microscopes, you will find the instructions for a 
classical light microscppe inadequate.. On page 4-7 you will find a diagram of the B & L Academic 
225 Student Zoom microscope. The basic difference between this and microscope illustrated on 
page 4-2 is that there is no nosepiece and therefore only one objective which changes in magnifica- 
tion as it moves up or down. This microscope cannot be focused -manually, for it has a harmonic 
drive fine focusing mechanism which cannot be moved out of adjustment. It thus provides a 
• continuous gradation of magnification by the' objective between ioX and SOX. The eyepiece is a 
I OX wideGektlen§ system. The Numerical Aperture is 0.55. 

Although it is* built of sturdy, lightweight aluminum construction, it nevertheless must be 
handled carefully or the lens system will be jarred out of focus. There is a built-in pointer. 

^ Transport the microscope as described in. Part B. * . • 

Clean the micrdscope as 'described in Part C. SOrfaces to be cleaned are the: 
* ^ upper surface^of the eyepiece 

objective fens 

. upper s\irfac^ of the light source. • : ' • * ' 

Making an Obs*ervation . ' 

^ K Raise t-he objective^ tO its highest position. , 
Place a mm. rule or a stage micrometer on the stage over the condenser port and secure with 
the clips. * ' . • 

2. Measure the width ot; the field at the lowest power and again at the highest power! 

*• • ' ^ ' * 

3 EWvlde the high power into the low power measurement ^d multiply, by 100. How does this ( 

figure compare with the rated magnifications on tjie instrument? 

er|c ■ • 30 - " 



Nomogram for Determining the Resolution of a ^ens System 
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Part I. Osing the Stereoscopic (Dissecting) Microscope 

This is a low power instrument that has a lOX.^yepiece (as a rule) ajid objcLtives ranging from 
about .7X to 3X magnification. Most work with this instniment ^is by re/leLted hght. lhat isj||^ 
object to be studied is Ughted from above. The two eyepieces should be adjusted for the distance* 
between your eyes. .When you look through the eyepiece with each eye singly the image should be 
in focu^ (after you have focused with the focusing^nob). If the image i§ in focus for one eye bui 
not the other, turn the eyepiece adjustment band until it is. When the distance between eyes \i 
properly spaced, the field.should appear larger th^n with eitjier eye singly. 

Is the image reversed? 

Look at a slide of tissue, si^ch as one of liver. Can you sed cellular details? Examine a penny. 



REPORT SHEETS FOR EXERCISE 4 ' Name. 



Section Dafa • ^ \ 



Part A. Observations on the Parts of the Microscope ^ * 

1 Put^ the follosving^in the correct order in which light passes on its'way from the lamp to the 



ey^by numbering 2, 3, 4, etc. 
^ 1 



lamp 

nosepiece 

eyepiece lenses 

Abbe' condenser lens 

condenser iris 

objective lenses 

body tube and ^raw tub^ 

mnror » 



2. Where is the iris diaphragm corj^trol located? 



3. Where is the condenser-raising head located? 



4. Where is the course adjustment head found on your microscope? 




E. Making An Observation 

5. ^ow does the image jtiove in the field cpm^ared with the way that the slide is actually 
)ved on the stage? ■ - ' " 



7. Why*must one focus i/pworcf on^higher powers of magnification? 



Why dpes high-dry and oil immersion magnifications require more light than, low power? 



Parte. Resdiution 

3» ^ Is the bottom of the nucleus i* focus when top of it is? 



• Is the top of the cell in focus when the bottom is? ^ 



To what use can the numbers on the fine adjustment head be put? 



r 
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Name . 
Section- 



Date. 



What is, the number of your microscope? 
Rated Magnification^. 



■ OBJSCTIVE LENS 



RATED MAGNIFICATION RATED^AGNIFICATION 
OF OBJECTIVE 5f EYEPIECE LENSES 



TOTAL RATED 
MAGNIFICATION 



Low Power 
High-dry 
Oil Imm. 



Calibration (Real Magnification) 



OBJECTIVE LENS 

Low Power 
, High-dry 
Oil Imm, 



RATED 
.WOR KING DIStANtE 
^ 



* 

DIAMETER OF HELD IN 
mm. microns 



MAGNIFICATION IF 
LOW POWER IS 100X' 



♦Divide the microns at High-dry and Oil ImmersionSnto the microns across the Low Power field 
and multiply bj 100. For example^:/] 500;/ /1 500 /i 100 = lOOX. Qr, ' 
' , 1500^/375^ X 100'=?4 X 100 = 400X. 



Resolution (Det^nliined from nomogram) ' 



OBJECTIVE LENS 



RATED N^. ^ 



CdJtOR OR LIGHT 



RESOLUTION IN MICRONS 



Low Power 
High^lry 
Oil Imm. 



erJc; r» 
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Name 



Section. 



J)ate. 



SELF-TEST ON THE MICROSCOPE 



See how well you can name, the mdicated parts of the microscope without referiiiig to the 
chart on page 4-2. Afterwards check' your answers with the diagram and review thos,e parts you 
missed. Correct any errors. ' ' ^ ^ ^ 
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Part H. Using the Zpom Microscope 
What is the nuoiber of your microscope? 

■ / ■ " 

ATED MA 



,RATEri MAGNIFICATION INDICATED MAGNIFICATION IMPLIED MAGNIFICATION / 
9F EYEPIECE LENS : OFOBJECTIVf LENSES 



lOX 
lOX 



Calibration of the Field (Real Magkification) 



Lowest powj 
Highest po' 



DIAMETER OF FIELD IN 

micrcfns 



(Lowest power) 
(Highest power) 



MAGNIFICATION IF LOWEST POWER. IS 100X? 



lOOX 



«w Resolution 

♦ 

^ Lowest power 
Highest power 
I 



RATED N.A. 



COLOR OF LIGHT 



RESOLUTIO^SI IN MICRONS 



• c Part I. Using the Steroscopic (Dissecting) Microscope 
L fs the image reversed? 
2. How did cells in a slide of 'tissue look? 
' How did a penny look? 



EXERCISE 5 - STERILIZING AND. STERILE TECHNIQUE 



This is a combination of exercises and expijriments to introduce the stud,ent to some of the 
usual techniques used in producing and maintaining asceptic (sterile) conditions in certain con* 
taincrs and objects such as food tins and jars, surgical dressings, rocket parts, drugs, and baby 
bottles Corollary to these techniques is to know wnat the difference is between being chemically 
clean and biologically sterile. In this exercise living microbes will be killed with a chemical poison 
{mercuric chloride), with moist heat in a pressure cooker or autoclave, and by uicineration in a 
flame. ' * ' 

Part A. Making Sterile Transfers With A Wire J.oop 
Material and EquipmentXper student) > . 

H Bunsen burner . 

, I. Nichrome wire transfer loop with handle ' * . ' 

I Cellulose Sponge or paper, towelling 
I Test tube rack \ * 

I Clean test tube 

3 tubes containing 5 ml. of sterile nutrient broth 

For each table . ' 

I culture of Escf\enchia coli or Aerobacter aerogenes 

I bottle (gallon) of . 1% mercuric chloride (marked POISON) ' • 

Procedures / * 



Preparation 



\ 



I Wipe ofir the work area with 0.1% mercuric chloride solution u^inga sponge or papjer tow.elling. 
Leave th.e surface damp, not wet, so that it. wilj dry quickly in air. Wash your hands. 

. * ' it' •* . * " 

2;, Place before you on the now self-sterilizing work surface, a test tube rack with a clean tube half 
full of tap water and three tabes containing 5 ml. each df'sterile nutrient br6th, a nichrome wire 
with a loop 2-3 mm. in diameter and mounted in a handle, and ^ bunsen burner with a blue flame 
about 6 inches high. » . - 

Flaming Tubes ^ ' ' : ^ 

3. If you are ri^ht-handed, take a tube oX sterile broth in your left hand. For maximum maneuver* 
ability press the tube against the tips of four fingers with the thumb. Hold the tube on a slant. ' 
Remove the tube closure with the back^of the 4th andi'th fingers of the right hand. ^ 
Keeping the tube slanted, flame one side of the tube arfd then the other for about 1 second (count 
one-thousand-one). 

4. PicK up the niohroijie wire with the right hand. For this time onh Jo not flame the wire, but put 

it into the broth and jiggle it about a bit. ^ , ■ * \ ^ , 

(Why w'as the tube carefully flamed if an untlamed wire waato be used?) 
« 

5. Again flame the mouth of the tube. * 

Replace the. tube closure. ^ • ' ' ^ ^ 

Isabel the tube With your name and A- 1. " . . 

Replace the tube in the test tube rack. " * ' , 



^/Flaming the Transfer Loop . ■ • . • 

6. Dip the wire loop-into the tube of tap water then plunge it info the flame. 

, Is there 'any splattering (or spluttering)? What would be the conseqtiencesif the liquid were from 

a culture of dangerous organisms instead of water? - ' \ \ ^- 

» 

7. Dip the wire into the water again. . , ' * ^ 
Hold it at about a SO^'.angle from the. verticalaftove the flame Jto dry it » . ^ 
Now lower the wire into the flame at about the same angle and bring it to red heat. The whole 

wire must be heated. \ . • - ' 

Allow the wire about 1 5 seponds to cool. . . . . 

Touch it to the water in the tub^e. If it sizzles, reheat, the wire and wait a little longer time.^-^ 
Touch it to the water. Continue this procedure until you fiijdt)uthow long it takes thf^tio^ 
to cool down enough to not cau^e the sizzlmg sound on contact with the water. 

Is the Loop Sterile? . ' ' ^ ^ ^ 

8. Take a tube of sterile broth in the left hand. ' ^ * ^ ' ^ 
Flame the nichrome wire loop and let it cool. \ ' ' - 

While the loop cools, remove the closure from the tube of broth and flame it as in Step 3. 
Plunge the wire into the broth, jiggle and remove it, but d9 not lay thejwire down. 
Flame the mouth of the^tube and replace the closure. ' ' • 

Replace the tube in the rack. ^' ^ ^ ^ , ' 

Dry and flame the wire. ' ' ' 

You may now lay the loop down pn th^ wbrk surface. ^ 

Now label the tu\>t with your name and A-?. Label' the unused tube A-3. . ' 

9 Observe Tubes A-l.and A-2 in 24 hours at room temperature and record your results on the 
JReport Sheet. Also observe Tube A-3. > ' 

Asceptic Transfer of Organisms With the Wire Loop 

Each species and stVain of bacteria xan frequently be distinguished by the kinds of cblonieslK, 
produces and by the kind of biochemical products that it makes. E. coli and A. aerogenes belong to 
•the sub-group of bacteria knovyn as enteric bacteria. Members of this group can frequently* be 
distinguished by the reactions of their ,produ.ct$^to tests for indole^ acid (as measured with methyl 
/ed), acetyl methyl carbindl, and the ability to use citrate as its ^ole source of carbon. These (ests 
are therefore referred to as the IMViC tests. If your transfers are done asceptically and without 
contamination of other, organisms, .then your tests made on th^ transfers should be consistent 
with those determined for the strain. *'\ : ^iS^^ .\ 



In this section innocufate twa tubes of glucose peptone water and on^ffTCosers citrdte 



10. Hold the tube of pure culture and a tube of iterile medium both in the left hand. 

11. Flame the. wire loop. While it is cooling renjov? the tube closures from both tubes (held atari 
^ angle (with regard to* the vertical), using the 4th an.d 5th and thp 2nd and 3rd fingers. 

When the wire has cooled (so as to not kill the bacteria in the culture), collect a loopful of 
culture and^ transfer it to the tube of sterile broth. * " . 

Flame the tubes again and replace the right closure to the right tube. 

I^eplace the tubes in the tube rack- , * ' , 

Dry and flame the wire loop. - '\ ^ 

. Innoculate the other two tubes (one of.glucose peptone water and one of Koscr*s citrate) using 
the same technique. ' ♦ 

Label the tufees with your name, the name of the bacterium, and the medium in the tub*e. 



I3c • Observe the cultures in 24 t6 43 hours and perforiVi-thc tests belaw: 

Citrate. Did the organism ^row in^this medium? , ' ^ 

Indole Production. Add 1-2 ml. of ether to a culture in gluvose-peptoxie water. Mix by^rotating 
between thepalms of the hand. Let the ether separate*x)tit. Then add down the side of the tube_ 
spout half as much Kovac's reagent* as there is culture. A red color in the ether lay.er mdicates 
, , thei presence of indole. ^ - ^ ' , 

.?(Kbvac's reagent contains amyl or butyl alcohol, 75 m(., concentrated HCI, 25 ml., and 
• para-dimethyl-amino-benzaklehyde, 5 gm.) 

Methyl Red Test. With a sterile pipette (see sections which Joljow) transfer I ml. of a culture in 
glucoserpeptone water to a clean test tube. Add a few drorffof methyl red. This indicator has d 
pKa of 5.0, being,red below ^nd yellow above that pHv , * ' ' 

0- 

Voges-Proskauer Reaction for Acetyl MetliyI Carbinol. From the remainder of the culturq in glu- 
coiRpeptone water used for the methyl red test remove I ml. to a clean test tube. Add 0.6 ml. 
of 5% alpha napthol in absolute alcohol and 0.2 ml. of 40^^ KOH. The development of a 
crimson to ruby'red color in 2 to 4 hours is a positive^test for this^product. However^the color 
. fades so the test should be-evaluated no£longer.than 4 hours after mixing the reagents. 

. Record your results on the report sheet. ^» ^ ^ , 

Part B.* Making and Autoclaving Media 

■ Litmus Milk » ■ ^ ^ * 

2 sterilized nursing units containing sterile litmus milk ^ ' - ' 

r empty nursing units^ , ' ^ , ^ , * 

test tube bnish andciefergent * . " ^ , 

Bunsen:bumer and -wire loop ' - * ^ 

^ Triple beam balances - . , ' . ^ , 

100 ml. graduated cylinder 

Culture ot£. co// . > * - 

. - ■ * ' 

Procedure ' 

1'- Wash the^fnpty nursing bottles thoroughly with detergent and rinse completely under running 
tap wateiv-Let drain on a clean towel. * * ' • 

Weigh out 10 grams of dry litmus rnilk and add to each of the cleaiTbottles. Then add 100 ml. of 
tap water! Replace the nipplc^nd closure ring and sfiake to mix. Label the bottles with self-adhesive 
labels numbered 1 aniiand containing your name(s) and laboratory day." Place bottle No. 1 on the' 
tray on the, teacher'^ table to be ai^toclaved. ,Place bottle No. 2 on the reagent shelf over your 
;Ayorksp^^ce. . ^ \ . ^ ' ^ 

3. Label th& two bpttle&'^of sterilized litmua milk 3 and 4 plus the other information on the other 
" labels. Open bottle No.. 3 and transfer a loop/ul of a^ure culture yof E. coli using the asceptic 

.technique used in P^rt A of this exercise. Reclose th9^Dotlle.lkQip«^ both bottles on the reagent 
shelf.* ^ ♦ • . , * 

4. Come oack in pne^anc^ two days to record cqlor changes in any part of the bottle. Bottle No. 1 
wiUbe.^erilized and made^ available to you by tomorrow. ' ^ , 



Atitoclaving i$ ddne cjthei' in a pressure cooker .of in an autoclave at 15 pounds, per square inch^ 
(psi) steam pressure (1?6*C.) for JS minutes for ordinary *lcsl lub^ land flasks tinder *i)0«mL 
Larger, volumes require a longer autoclaving linie. ^eam pressure may not be refeased'^&uddefnty 



from liquidrrhey nxust be allowed to cool below 100*C. before pressure is released or the boiling 
of the-^hquid syill usually blow the closure off of the tube or flask, leaving it exposed Jor contami- 
' nation. ' . •* " 

Parte. Making a Pipette Transfer and Spreading a Petri Plate 

1 tube of E. Coli , * . . 

1 empty sterile tesl^ube ' , ■ . 

2*Bfomthymol 6lue-agar petri plates 

1 sterile 1 0-ml./sterile pipette 

Procedure 

1 Open the mouth end of a bag of sterile lO-ml., cotton-plugged pipettes. Remove one without 
letting the lower part make contact with the opening of the bag and it should not contact any other 
non-sterile surface. ' * ^ ' 

2 Take the^tube of E. coli culture in the left hand and remove the cap with the 4th and 5th fingers 
of the right hand. Insert the pipett? and withdra>/(5 ml. Recap. 

3 Lift the cover of the Bromthymol Blue petri plates not more than to 45** on one side and pipette 
in 5 ml..of buffer, being careful not to let the pipette touch the edge of the petridish. Lower the 
covers. Label them CI and C2. Discard pipette.** 

4 Try spreading the liquid in plate CI by tilting the p||(p so that the fluid moves over the surface. 
However, be careful to NOT let the liquid come in contact with the upper edge of the plate side or 
it will offer an avenue for the inflow of organisms at the edge of the cover., 

5 Make a spreader. Take a Pasteur pipette and seal the end in a flame, and then make aboUt a 45'' 

bend about 1.5 inches from the end. Let cool. ' 

♦ 

6 Dip the spreader int6,95% ethanpLand light in a flame. HokJ away from the flame and let the 
^ alcohol butn out. Let cool for a few seconds. Raise the edgfc of petri dish C2 about 45'' and s^r^^ 
* the puddle of buffer evenly^over-the surface with the spreader. 

Part D. Making a Serial Dilution and Plating ■ ' \ 

* / * ' ■* * 

Cuk^re of E. coli, O.D. .25 at 620 millimicrons / 
6 .VlVfnl.^ferile pipettes , " 

6 250-mr flasks containing 99^mK water, plugged, foil-coveredT^nd sterilized 

8 Petri dishes with -plate count agar ' * * 

Procedure ^ - \ ^ 

I. Label .the flasks with wax pencil 10 ^ IQr^, 10'\ 10 % 10"'^ and 10''^ 

2 ,0n the label side of the petri dish cover write your name, laboratory day and 10 ^ 10"^ 10^ 
'lO•^ 10^ 10^ 10•'^ 10"'' . ' / ' ' ^ 

3 Take th^ 10'^ flask. Lift the aluminum foil enough* to remove it as d cap fromlhe flask. Keep it 
top side uj^ and plaCe it oil the table top. Remove the plug and discard on the table top. Openja 
sterile 1-mI. pipett^ casing at the. mouth end and reiT\ove the pipette. Take the culture of E. coli in 
thQ left hand and remove exactly 1.0 ml.,9f culture with the pipette. Reclose the tube. Transfer the 
'E coli to the flask, rinsing the pipette out 3 times with the contents. Flanje the underside of the 
aluminum/oil c6ver and replace ft on the flask. It should not be flamed too long or it will melt and 

♦♦^Discai-d usCd pipettes into the pipette jars located in the middle of the work table. In doing so 
inrsent the pipette into the detergent solution with the tip DOWN. * 



leave aTiole in the foil. Take the flask m the right hand and shake it through an arc of 45*" about 20 
'times to thoroughly mix the contents. This is a very important maneuver since the outcome^ 
depends of having a very homogenous suspension of bacteria. Discard the used pipette. 

4. Take a new sterile I -ml. pipette; tRe 10"^ flask and Ihe 10'^ plate. 

5. Transfer 0.1 ml. of th^ 10'^ suspension to the 10'^ plate, being careful not to touch it. (Let your 
partner flame a glass spreader and spread it.). Now, using the same pipette, transfer 1.0 ml. of the' 
10"^ suspension to the 10"^ flask. Discard the pipette in the pipette jar. Flame the cover to the 10"^ 
flask. Replace it. Shake 20 times through a 45** arc. > • 

6. Take a new sterile 4-ml. pipette, the 10 ^ flask, and the 10"^ and the 10"^ plates. Transfer 1.0 
ml. of the 10"^ suspension to the 10"^ plate and O.f ml. to the 10"^ plate. (Have, your partner flame 
the spreader and spread one plate, then flame it again before spreading the next. Be sure to let the 
spreader eool enough so that it does not melt the agar.) Transfer 1.0 ml. of 10"^ to the 10"^ flask. 
Flame the aluminum foil cover, replace it and shake the flask 20 times through a 45'' arc. 

7. Continue the process. Remember that the transfer of 1.0 ml. of a suspension goes to the plate 
with the same dilution factolr as the suspension. Transfer ml. of suspension goes to a plate with . 
the next highest negative exponent number. ' ^ • ' 

8- Let the plates rest upright on the table top until all of the fluid has been absorbed t)y the agar, 
then invert the plate to conserve moisture. Leave inverted at the back qf the workspace for 18 to 24 
hours at room temperature, then count the colonics according to the rules below. 

9. Sterilize the dilution flasks by pouring in about 50 ml. (.5 volume) of 0.1% mercuric chloride. 
Let stand at least 10 minutes, then pour down the sink hole (not into the lead troughs or splashe4, 
into the sink). Rinse out the flasks. 
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Characteristics of Broth Cultures 



Ring 



o 



Pellicle 



^occulent , Membranous 



1, Surface 

none ^ 
nng 

pellide. bacterial growth forming tithe/ a ' 
continuous or an interrupted sheet over 
the culture -fluid 

flocculent.xontaining small adherent masses 
of bacteria of various %ht\)t% floating in 
the culture fluid I 

membranous 



Chatacteristics of Agar Plate Cultupcs 



Form ■ ' 

pun6tiform, v^ry small, but 
visible to naked eye; less . 
^ than t mm in diameter 

circular 



.Punctiform 



Circular 



Elevatipn ^ . 
/ flat 

raised, growth thick, with 
abrupt or terraced edges 



Flat 



Raised 



filamentous, growth composed 
of long, irregularly ptactd 
or interwoven threads 



irregular\ 



rhizoid, growth' of an 
. irregular branched 
or rootlike character 



spindled;, larger at the 
middle than at the ends 



Filamentous 



Irregular 

V > 



Rhizotd 



Spindit 



convex 

pulvinate, cushion-shaped 
Aimbonate 



Margin or ec|ge 
entire 

undulate « 

iobate, havjng lobes, or 
' rounded projections 

erose, irregularly notched 



Convtx 
Pulvinatt 

Umbonate 



Entire 
Lobati ^ 



Undulate 
Erost 



filamentous, growth 
composed of long, 
irregularly placed or ^ 
interwoven threads ^ 

curl^, composed of parallel 
^hains in wavy strands 



Filamentous • 



Curftd* 



ERJC 
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■ - • (■■•■■ 

Part A. Making Sterile TransfcrsMith A Wire Loop. 



• > 

TUBE AND MEDIUM 


ORGANISM 
ftWOCULATED 


OROWTH 


• 'METHYL 
RED 


YOGES- 
PROSKAUER 


INDOLE 










YY 


YY 

AA 


A*<iNUDrient Broth 


Incinerated Loop 




XX 


XX . 


XX 


Koser's Citrate 






> 

XX 


XX 


XX 


Glucose-Peptone 




\ 


YY 


YY 

AA 




Glucose-Peptone 






XX 




XX 


plucose-Peptone 








XX 


V 

XX 


Teacher s (Control Tests for This Organism 

f . ( '\ ' 











Write.a paragraph which answers tliese questions: 

What is a correct interpretation of the experiment^vqlving Tubes A-1 and A-2? 
Why'was Tube A-1 flamed if a non-sterile loop was going to be inserted? 
Why have a tube like Tube A-3 involved in the experiment? 



S-8- 



REPORT SHEET FOR EXERCISE 5 



Part B. Making and Autoclavin^ Media 
Section 1 -Litmus ^lilk 



NUMBER 


v co^TDOI^ A Kin 
TREATMENT 


COLOR 
AT START 


COLORS AFTER 


/24 HOURS 


48 HOURS 


1 

• r- 


# 

Your own mix 
Sterilized 




Jop 
Bottom 


✓ 


2 ■ 


Your own mix » 
Not ste^lized 




Top - 
Bottom 


. » 


3 


Provided sterile 
E coli added 




Top 
Bottom. 




4 


Provided sterile 
No' treatment 


«8 


Top 
Bottom 


• 



Indicate with the letter R if rennet (curd aniwhey) were formed after 24 or 48 hours. 
1 . What is the source of litmus? What is its pKa as an indicator dye? 



--^ Why would this occur? 



2. Did you observe any decploration? ^ 

(If decoloration did not occur in your own bottles look at someone else's where *it did and answer 
the question,) 



3- What is the relative volume and consistency of the curd? What change in-the bottletTrings abput 
what change in the millc protein to produce this effect? 



4. Did you consider the washed bottles tq be clean enough for you to drink from? 
What were the possible sources of bacteria in bottle 2? 



5 After being autoclaved at 15 psi-for 15 minutes is Iitmu% milk capable of supporting microbial 
growth? ^ What is the basis for your answer? ^ 



6. What is i^ieant by the control group or sample Yn an experiment? 



ERLC, 
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Part C, Making a Pipette Transfer and Spreading a Petri Plate 

Results: ' * * . 

1. Did the 5 ml, of buffered broth transferred to the sterile tubfr remain sterife? • 

2, Did the loop of E, coli grow in ih^ innoculated sample of broth? ' * 

Was one of these forms of surfaqe^owth seen? Ring Pellicle FlScculent Membrane 

3 What would be the disadvantages of an uneven spread if you were going to have to*^make 
bacterial colony counts? ^ ' h 



Part D. Making a Serial -Dilution and Plating 



DILUTION OF 
.SUSPENSION 


' Ml. USED 


DILUTION ON 
PLATE 


NO. OF COLONIES 
• ON THE PLAtE 


BACTERIA/MI. 


- ro-^'' . ' 


.1 


. 10-^ 

* 




^ 


10-^ 




10-^ . 






10"* 


. .1 


'10-?. 






10' 


^ .1.0' 




0 




10' 


M 


10-? 


0 




lo;' 


1.0 . 


10-8 . 






io-»° 


LO 




r 




10" ' 

>• 


1.0 


. 10-'^ • 







What were the characteristics of the colonic^? • 

Formv Punctiform circular filamentous irregular jhizoid spmdled 

Elevation: * flat- convex pulvinate, cushion-sKaped umbonate 

Margin or edge: entire undulate lobate erdse filamentous curled 

Why do you suppose that colonies are smaller on crowded plates than they are on uncrowded 
plates? * , 



Will every viable bacterium on the plate give rise to a discrete colony? ^ 

\ . 47 



EXERCISE 6 -^BACTERIAL MUTATIONS 



Introduction' 

Sioce evolution is dynamic proces^involved inwmately with the mechanism of natural 
selection a good depionstration of this mechanism cafC be observed directly. By selecting an 
outstanding trait or character of an org^i$m ©fie can deteknine by direct means the presence or 
absence of the character after some external <^tor is appliejd^o the organism. 

Ultraviolet light has been used as a substitute for certain natural selective forces to produce 
genetic mutations in bactenal cultures. Therefore, ultraviolet light should produce reproducible 
alterations in a bacteria} culture that can be readily followe'd through successive generations. 

Materials and Equipment 

o Macalaster Ultraviolet Germical Lampv 2537 Angstroms 

• Media: ' ^ 

Milk, nutrient.broth or trypticase glucose broth, trypticase^lucose agar slants and bottles. 

Sterile Equipment: _ • • * * 

Pipettes- 10.0 ml, 5.0 ml,*and 1.0 ml graduated Jn IfflQQ ml. 



Disposable sterile Petri plates * • . . ^ 

, Bent glass rod spreader ^ . 

Test tubes- 18 mm or 16 mm. ^ ^ « 

Water blanks-distilled water, 9.9 ml/tube and 9.0 ml/tube * 

In^ljation chamber or room at 30*C and 37 C 

CuUure ' . ' * ' 

This organism is in the coliform group Of bacteria and is a comrnon soil saprophyte. Some 
* main'charactensiiics are aerobic growth, peritrichous flagella, gram negative, rod-shaped, and carries 
out a.butylene glycol type end-product metabolism. It also has one oi/fstanding characteristic. It 
produces a red pigment when grown at 28-30 degrce^s C. NAME, Serratia marcescens, 

* * ^ 

NOTE. The plates of agar medium should be prepared and stored at 37*C fo^'.at least 48 hours before use in order 
that the medium will be sufficiently dry to prevent coalescence of colonics. 

> ' * 

Procedure . • 

Preparation of Culture * 4 

• Inoculate 3 tubes containing approximately 10 ml of liquid growth medium ntjtrient broth or 
trypticase glucose broth -from a 24-hour agar slant culture of Serratia marcescens. 

Incubate at 30''C for 24 hours. ^ 

Transfer 10 ml of the 24.-hour culture to a sterile Petri dish. Withdraw a 0.1 ml aliquot and 
transfer it to a sterile 9,9 ml di^tille(i^water blank. This ts an Initial dilution of 1.100. Make 
Subsequent 1 .0 ml dilutions in transfers to 9.0 ml sterile distilled water blanks until a 0.1 ml aliquot 
will give a 1:10 and 1:10 dilution when plated on the surface of -agar. 



'Courtesy Dr. Paris M. Allen, ISE Staff 
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dilution example: 

arml * 1.0 ml 



1.0 ml 



1.0 ml 



4 




24 hour 
culture 

Dilution: 



9.9 'ml 
H,0 



1:10^ 



U 

9.0 ml 
H^O 



1:10^ 



9.0 ml 
HjO. 



9.0 jnt. 
HjO- 

l:i0=^ 



E 
6 



9.b 
1:10^ 



Agar plates. '/////// 
Dilution on plates 



E \ 
d 




A 



.1:10^ 



Spread the suspension evfenly over the agar surfaceT)y, means of a bent.gj^s rod. This is the zero 
time irradiation specimen. 

♦ Turn the UV lamp on approximately 10 min. before use^ Irradiate the remaining bacterial 
suspension in the Petri plate for^3 minutes, withdrawing 0.1 ml. aliquots at 30-second intervals. 
Plate the following dilutions for each time intervaL 



Time of Irradiatioii 




Dilution Plated 






^' 30 sec. 




1:10^ 


1:10^ 


L 


10^ 


60 sea 


/ 


.1:10' 


hlO'' 

• 


1 


lo^ 


' 90 sec. 




1:10^ 


i:10' 


1 


10^ 


120 sec. . • 




.l.:10' 


j:10^" 


1 


10' 


150 sec. ^ 


' ft 


1:10' 


1:10^ 






180 sec. 




1:10' 


■■■l:ltf* 







♦Take a I ml aliquot of the itradiated culture and dilute in 9.0 ml. of water to obtain a 1 !lO^ dilution when olatine 
0.1 ml. ' • ™ ^ ^ . . V 



Incubate all plates at 28-30**C for 48 hq.urs an^; count the number of colonies of differeiU 
colors. ■ ' . ' 

Colint the number ^of colonies present at each irradiation exposure time and record on the 
report sheet. ' * * • 

Determrne the % kiirfor each exposure time from the following formula: 

( Number at end . . ) . • * 
100- ( Number at beginning X 100 ) = % kill ' 

Take an isolate of each color of colony and inoculate it into a separate tube of sterile milk 
rnedium. Make two sets. Grow one set at 30°C and the other at ST^'C. Record any color changes in 
the, color of the milk. Use samples of >our control culture (unirradiated culture) for the same test 
and draw conclusions about the mutagenic effects of ultraviolet Jight and natural selection 
pressures. . . , ' , 

Make a graph of the number of colonies present compared tcTthe time of irradiation. 



r 1 



50 
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Growth of Ultra Violet Light Irradiated. Serfatia marcescens 

Colors and Numbers of Colonies After Hours of Incubation 



IRRADIATION 
TIME 


COLONY 
COLOR 


DILUTIONS 


BEST ESTIMATE 

ni? D ATPDI A /MT 
Ut* dA 1 lliXUA/MLi. 




1:102 


1:10^ 


^1:10^ 


1:10^^ 


1:10^ 


Not Irradiated 


Red 










• 






White 










\ 


\ 




30 aec. 


Ried 
















White 
















60 sec. 


Red 














• 


White 
















90 seu. 


Red 
















White 












* 




120 sec. 


Red 
















White • 
















150 sec. 


Red . 
















White 










i 


• I 




180 sec- 


Rexl 
















White 










* 







Irradiation > 
Time (Sees.) ■• % Killed 
- C ^ — 

30 : 



• 120 .. 

150 . — ^ 
180 ■ * 

I 




ORiaNAL 
IRRADIATION 
TIME (SECS.) 


STARTING 
COLOR OF 
COLONIES 


COLOR AFTER INCU 
HOURS IN M 


BATION FOR 
ILK MEDIUM AT 

37^C 


MUTANT ? 


None 


Red 








White , 






-T 


30 


Red- 




! 




White 


* 






60 


Re'd 


L 






White 








90 


Red 








White 


♦ 






120 


Red 








White ' 








1 

150 


Red 






__J 


White 








180 


Red 






• 




White 

4 


* 







Answer these questions: " ^ » 

I ^What conclusions would one draw if white colonies appeared when the cultures were grown at 
30 C after irradiation? * 



2 What conclusions would one draw if red colonies appeared when the cultures were grown at SO^'C 
after irradiation? 

. 3. If there are other colored colonies present what color are these colonies? 

4 Can the mutagenic effects of ultraviolet light be compared.with natural selective forces' If so 
• how? ■ • ^ . 

5 Postulate an explanation for the results obtained after irradiation'of the bacterial sijj pension. 



^ 
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i2 



C 





























































































































































































































































































































































K 
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. 30 . 60 90 120 • 150 180 

' tlVL Irradiation Time in Seconds , s 



210 



ERIC 
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EXERCISE 7 - BUFFERS AND INDICATORS 



Materials and Equipment ' • , . ' 

Per Class 

m * 

100 ml. of buffers at pHs 3, 4, 5, 6, 7, 8, 9 and 10 

50 ml. of these fluids, blood plasma, milk, saliva, urine, egg white, lemon juice, tea, apple 
juice, carrot juice,. carbonated beverage, tap water and distilled Avater 

Per Pair of Students , \ 

r 

1 Stand with burette holder . 1 pHydrion pH paper kit, pH 1-12 

2 burettes, 50 ml. 1 test tube brush 

1 100-ml graduated cylinder 1 test tube rack, "^rxyX covered 

4 150-ral beakers 1 dropping bottle of each of these: " ^ 

1 glass stirring rod .5% Congo Red, .5%. Neutral Red « 

1 box filter, paper 1.6% Brom Thymol Blue, .0S% 

2 Junnels . methylene blue 

I wax pencil .40 16x150 test tubes 



100 ml. of buffer (See Part B, Step 7) 



Procedures , ^ ^ , 

I 

Part A. titratian of .IN NaCl with .IN HCl and .IN NaOH 

I. Mount the burettes upright. Use a piece of filter paper to label them ''HCl" and "NaOH." Inser(^ 
a stnall funnel into the top of the two burettes. Fill each (as appropriate) with .IN HCl or-. IN 
NaOH. Let some of the fiuids run through the tip of burette of the tip and to assure 

a patent stream of fiuid. The meniscus must be located on the burette scale. 

2^ Measure 40.0 ml. of 0. IN NaCTin a 100-ml. graduated cylinder. Transfer it to a 1 50*m!. beaKer. 

3. Take a piece of pHydrion paper abo^t 1.5 inches long. Obtain a drop of NaCl on a stirring rod 
and determme the pH by dampening the test paper. Repeat for the NaOH and HCl. Record your 
determination: \ ^ ^ 

4., Now plac? the beaker under the .TN HCl burette. Add .2 to .3 ml. portions of acid, stir with the 
rod, and determme the pH with pHydrion paper. Record your results. When 5 ml. have been added 
m this manner, add 1 ml. portions until 15 ml. have been added. Then add 5^ ml. portions three 
times. ' • * i ^ ' 

5. ^Now discard the solution, rinse t4ie beaker, drain, and add another 40 ml. of .IN NaCl to the 
beaker. Place it under the .IN HaOH burette. ^ • 

6. Add .2 to .3 ml. portions o^alkali, stirring after each addition. Record the pH. When 5 ml. have' 
been added add 1 ml. portions >until 15* ml. have been added. Then add 5 ml. portions three times. 



Part B../T,itration of a.Buffer with flGland J-kNaOH--' - i 

• ■ ■ - . ' : - ' 

7 Now obtain 40 ml. of .1 M buffer irr a eiean' beaker. One ofThese \viU be assigned to your^ 
workspace- 4odium phosphite, sodium bicarbonate, so¥iuni borate, sodium acetate g\yi\np, or Tns ' 
.'Measure the pH. . , . * ^ ' ' ' ' 



8\ Md 3 ml {Portions oif l.N^HCK st'irring ^^d^king m^suretnlfnts after eadr addition until 42 
ml. of acid have been" added%' - \ • \' . ' *^ . 

9 W^sh t)ie be^r and add another 40. nil. of buffer. Repeat step 8 using . 1 N NaOH. * • 

10. When contplete, discard the titration mix turef.and wash The glassware. Drain. 

' [] parry out the graphing of your results and determine the pKa for the.buffer by these methods. 

' Method^ r iavolyes finding the midpoint between the unbuffered lines of the; curve, to do 

• this ext'erid .a dotted line in the direction of the unbuffered" line beyond the point where / * 

• the Jii;c bends. Find the midline ^bbtweeri these. two.^It will mtersect the.buffored area of 
^thejirie at the'pl4a. : . • ' ' . 

' . \; * ' ^' " - . • • ' • 

• Method 2 Is Method ( turned 9q^ Draw hhes parallel tt> the abscissa of the graph through 
the p,qm^s where the'unbuffered part of tji'e graph Jine ends. The line inidway -between 

, th.ese^hoyld:.atso intersect the titration fcurv'e at the.p^ - "V • * ' 

Method 3 tijkes' advantage of the Henderson-Hasselbal^h equation. The change in cpncea- 
^ration as one proceeds ffom the acid to the pKa is-}6gawthmic and again as one proceeds 
~ ^ ^frorn the^pp to the'pOmt where all of thKacid has bee;n reacted -to form the saft. The 
' amount of the acid form is equal to .the amount 9f standard a(;jd and base needled to 
proceed; (ron) the. lowest pH in the buffered area.of the titration curve to the highest; and 
the fracti&n remajning at>ny point alorig4he' Buffered area of the titration cuiVe is equal 
' ■ to the total amount needed minus the amount used, to <;orivert aci^ toklt at that point. • 
These relationships are set fortTi as follows: " ^ ' ■ 

^ 'i)ir= pKi'+log([saltl/[iiC!d}| ^ ' . • 

* so ^ f . ^ . • ' . ... K]. 

PK^^= pH - iQg ([saftj/Ucid]) ' \ \ ' . 

\ ^ V. \ . . 

This brings 6ut that vyhen the solutionis 1 6/1 1 abi(| ft isM pH Unit below the^^pKa aYid '.'o 
, whenitis l6/*l saltit wilibe.lpH*uni\above^^^ * * 

Parte. Potpourri " • : ' ' 

Because of the way at will.be necessary to se'tup^tuhes pf huffer^itjwill he ?onv^ni6m 
to make'sQme observations, about thfe bolor^of certain indicator dyes at.va^ous.p^ valuSs^ * * I 
is compared with a dye thif may be used to. indicate something other tha^> pH. Althe saitie. Jime we 
can also tnak? some observations^ about Mhe^H at which. the isoelectnc point is reach'i^ for a*' 
•protein; ' t - ^ ' \ . . ... > 



Label five sets of tubes for each of these^pH v 
pil'3, 4, 5/6, 7, .S,*9and I0.> 



alues and aff^nge .them m your test tube rackisj. 



2 Buffer soWtlOns at the. above^^]1 values ^ave been prepared und placed 6\\ the centfai^^apply. 
table ^3btain about j inch of the apprdpr^te buffjer splutioli in each t|^be,ihat j?wpH 3 buffer ft^the 
tubes lafieied 3, pH.4 buffer in the tubcs'Jabeled 4,an(i5Q fo^Fth. * r . . " 

3 At your workspace fi/id dropping bpttles containing ^.5%' Congo Red. .5%^Neutral Red,'.U^% 
B.ont Thymol Bjue^ and ,05^' Methylene Blue. Add 2 ta.3 drops oY Congo Red to the fin^t serrtjs of 
tubes and .record ^t|ie cohr at each pH* Repeat with the.other throe dyes. Determine whe'rp the pKa. 



t 
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for each dye lies. If it lob^Hke it m?ght lie between Jtwo tubes, mix equal amounts from these two 
tubes and see if an intermediate color' is obtained. The pH is in between since all of the buffers are 
tj)e same strength (II molar). - ^. * 

4. To the last set' of tubes add dropwise a solution of egg albumin to the pH 5 tube untif a 
persistd,nt white precipitate is ob^tiined. Now add this same amount of egg white to all the other 
tubes in the set. Lpt all of the tubes srt for about 15 minutes, then record the amount of precipitate 
farmed as follows: 

. ' 0 ior none, + for ligh< cloudiness, ++ for distinct cloudiness, -HH-'for a light precipitate and 
^Jotfi heavy precipitate. /. ,^ 



Parf D. The pH of Common Fluids of Biological Interest ' ^ 

Determine the pH of the following using pHydrion paper strips. Let the strips dry on a piece of 
pip^i towelling and thqn glue it onto your report sfieet. 



Animal Fhii^s: 



1. Blood plasma 

2. Milk ' ' 

3. Saliva 

4. Urine 

5. Egg albumin 



Plant Fluids: 



6. Lemon juice 

7. Tea 

8. Apple juice 

9. Carrot juice 



pther Fluids: 10. Tap water, . II. Distilled water, J 2. Carbonated beverage 

'Answer the remaining questions on the Report Sheet and turn in before you leave the' laboratory. 
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' REPORT SHEET fOR EXERCISE 7 ' 



Buffers arid Indicators 

Part A. Titration of NaCl with .IN'HCTand .IN NaOH 



"7^ 



6 .b 



ML. ADDED 



TOTAL ML. 
ADDED 



PH 



ML. ADDED 



TOTAL ML. 
AD DSD 



PK 



Part B. Titration of a Buffer with .IN HCl and .IN NaOH 
BUFFER USED: 



".IN HCl 
ML. ADDED 


TOTAL ML. 
ADDED 


pH 




.IN NaOH 
ML. ADDED 


TOTAL ML. 
ADDED 


• pH - 


r 




1 


• 




> 

< n 
































* 

t 


• 






•» 


i 
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Part C. Colors of Dyes at Different pH Values 



pH 



10 



• Dye 

Congo Red 
Neutral Red 
Brom Thymol Blue 
Methylene Blue 



A 



The IsO"Electric Point for Egg Albumin 



pH 


3 


4 


" 5 


6 


7 


8 


9 


10 






Amount of ppt. formed 






( 

















Part D. The pH of Common Fluids of Biological Interest 



FLUID 



pH TEST PAPER 



Blood plasma 

Milk 

Saliva 

Urine ^ 
Egg albumin 
Lemon juice 
Tea 

Apple juice 
Carrot juice 
Tap water 
Distilled water 
Carbonated beverage 
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EXERCISE 8 - COACERVATES AND EMULSIONS 



Materials and Equipment ' 5% gum arabic (a polysaccharide) in water 



Microscope and lamp 



Test tube with stopper and rack 

.... , , ^ Corn or other vegetable oil 

Microscope slides and covergfasses n * * ■ u o ^ m 

, , . Fat stain such as Sudan III 
1 lO-ml. pipette or 5 ml. pipette ^ 

, • . . , 2% Ca(OH) 

1 medicine dropper ^ . ■ - 

n . VT IT J • -J Gum acacia 

QJ N Hydrochloric ac.d ^^^^^^ p^^^,^. 

5% gelatm (a protein) m water • , ^^^^^^^^^ ^y^^^^; 

Part A. Coacervates . ^ 

Procedure 

I. Mix toge^r in the test tube 5 mh of 5^ gelatin and 3 ml. of 57c gum arabic. 



2. Determine the pH of this mixture using pHydrion paper. Place a dijpp on a microscope slide, 
cover, and observe under the microscope. * ' • 

3. Carefully *ldd O.lN HCl, drop by drop to the test tube. Aft^r each addition of acid mix by 
inverting the tube and th§n wait a few seconds to^sec if the mixture becomes cloudy. If the liquid in 

fffie tube remains clear, add another drop of acid^ontinue adding acid a drop at a time uB4il the 
mixture becomes cloudy., ' * ^ * 

4. When the material in the tube turns cloudy, take anoth^; pH determii^ation. Then, handling the 
mixture gently, observe a drop under the microscope for the presence of coacervates. If you do not 
observe any, decrease the light pr go to a higher microscopic power. If you still do not see any 
coacervates then repeat the whole procedure from the beginning. .You may have added the add t^u 
rapidly. When you ate successful, record your observations and make sketches of the coacervate 

droplets. * 

\ ' , 

5. .Now a&d more acid to the test tube, a drop at a time. When the liquid'bccomes clear again, 
examine a drop under the microscope and determine the new pH. . ' . 

Answer the questions on the Report Sheet. 

Part 3. Emulsions ^ ^ . 

1. Wash a qlearr riioftar and pe$tle with acetone to remove all traces of grease. Dry. 

2. Grind 12.5 grams gum acacia to a powder. * > 

3. Add 50 ml. corn (or other vegetable) oil. Mix about 2-4 seconds to disperse the oil. 
• * , 

4. Add all at once 25 ml. water. Whip rapidly until thick enough to crackle, then dilute with water 

to 100 ml. (approximately).^ 

5. Remove a small quantity of the emulsion to a watch glass^nd add a drop or two of Sudan III of 
Ponceau Red dye enough" to give good color but not too intense. Smear a thjn layer on a micro- 
Scope slide and examine. Tfie dyfe colors the ^il. Which is the dispersed phase, the oil or the water? 
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6 Add a few drops of fat stain to small quantity of skimmed milk. Make a smear and examine 
under the microscope. Which is the dispersed phase, the oil of the water'^ 

7 Color a little butter with the fat stam. Examine under the microscope. Which is the dispersed 
phase, the oil or the water? , , 

8, Color a little soapy solution with fat stain and examine under the microscope. 

9 Place; some of the emulsion (Step 5) in a beaker and heat over a small flame. Pour into a test 
tube and let stand until cool. 
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Part A. Coacervates ^ 
1. Sketch two or three of the coacervates t^iat you saw in the^ microscope. 



2, How do the materials ^ou used in this experiment to make coacervates compare with one that 
might have be^n present in the ancient oceans? 



3. What is meant by the isoelectric point of a protein and what happens more easily there than 
elsewhere? 



Part B. Emulsions ^ 
PREPARATION DISPERSED PHASE 

Oil emulsion 
Skimmed milk 
Butter ^ 
Soap ' 

What happened to heated and cooled oil emulsion? 

I 

What is the function of the gum arabic? 



What is a colloicl?' 
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EXERCISE 9 ^ WATER CONTENT OF VARIOUS TISSUES AND CELLS 
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Matedals and Equipment 

PerCi^ 

Drying over 
Knives 
Bone saws 

Per Workbench (4 students) 
1 Triple beam bdlance 

Per Student 
3 aluminum weighing pans 



30-50 grams of one of these. Carrots, potatoes, onions, spinach leaves, dry beans, bean Sprouts, 
yeast cake, liver, kidney, tallow, bone or heart 



Proceduje . - 

1. Take a pomted but not bharp mstrument and impress your initials, section and the number 1 , 2 
or 3. Do not use a. pencil or pen as the weight of the niarking substance will rub off and change the 
weight of the p^n. . ^ " 

2. Weigh eaclTpan as accurately as you can and record the weights, 

3. You will be assigned aft-animal, plant or microbial cell preparation by the teacher. ^§cc 10 to 20 
grams pf the material in the weighed pans and reweigh^Record the gross weights. ^ ' 

4. Place the pans in the drying oven set for 100 - IIO'^C to dry. Materials will dry jpore quickly if 
they are cut into Small pieces. ^ 

5. When yqur' material has dried to a constant weight, reweigh all the pans. Subtract the^tare 
weights and determine the net dry weights. 

6. Compute the per cent water by dividinfeJJie wet weight of each tissue into the dry weight and 
multiplying by 100. 

7. Compi/te the mean and standard error foe your data. One method is given below. 

% Water _i^J_-' Deviation from IV^ean - (Deviation)^ 
♦ ' — ■■ " ■" ^ 

77 '2 ' ^ 4 n - number of pans, in this case, 3 

73 -2 — — 4 ' ' 

75 . 0_ ' 0 • 

225 Sum 0_ . 8 = Sum of deviations squared S(d)^ 

^^^^^ : 4.0/= Variance S(df /(number pans minus. 1) 

1.33 = (Standard deviation of the mean)^ ~ s^/n 



1.15 = Standard Error = square root of s^/n 



Therefore the mean ± S.E.-H 75 \ 1.15 



The standard error estimates the range from the sample mean within which the mean for'a large 
number of samples should'fall. ^ • 
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REPORT SHEET FOR EXERCISE 9 



' , The Water Content of Various Tissues 
What material did you use? 



Pan 1 



Pan 2 



Gross Wet Weight 
Tare ■ ^ 
Net Wet Weight 



, Gross Dry Weight 
Tare 

Net Dry Weight 
% Water 



Weight 
Jight J 



Computation of the Mean and Standard Errpr 



Pan 



% Water , Deviation (d) 



Sum 
Mean 



Pan 3 



= Stahdard deviation squared 

= Standard error 

Questions ' ^ 

1. Why do tissues contain so much water as compared with other components? 
2- What is meant by bound and free water? 

3. Why do solutes come out of water solutions .when they freeze? > 



ERIC 



64 



9-4 



REPORT SHEET FOR EXERCISE 9 



Class Results for the Water Contents of Various Tissues and Cells 



MATERIAL 



NUMBER 
OF PANS 



WATER CONTENT (MEAN ± STD. ERROR) 
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EXERCISE 10 - CELL TYPES 



. • • / 

« t 

. It has been a frequent custom in the past to draw a diagram'of a v,ell which would 
include as many features as desired from the study of a variety of cells at different magnifica- 
tions, and then label this a ''typical cell." Of course, such a 'cell ^diagram would hardly be 
typical. There afe instead a number of cell varieties, each one typical of the variations on that 
type.' Yet, they all seem to hold a number of structures in common. We shall look at several 
types of tells in this exeruse. The student should study each one and' then reach some gen- 
eralizations (conclusions) about what is typical of living and preserved cells. 

Materials and Equipment 

Microscope and lamp 

Microscope slides and coverglasses (coverslips) ' * # h 

Petplatum (Vaseline) gun (a 2 cc; syringe without needle) 
Melted petrolatum and small camel hair brush 
Syracuse watch glass 
Medicine dropper 

1 25 mg% Neutral Red in 95% alcohol f 

100 mg% Janus Green B in 95% alcohdl 

Forceps, scissors, dissecting needla and sjngle-edged razor blade 

5% methyl cellulose 

* ""i^ ^ ' ' ' 

Living cultures. Fresh onions, Elodea sprigs, NiteHa, baker's yeast, Escherichia coli, Pelomyxa or 

Chaos chaos (Amoeba), Stentor ^ - r 

r 

Prepared slides. Mammalian liver stained with haematoxyljn and eosin, mitochondria in liver cells, 
Golgi complex, leaf types, sea urchin eggs, bull sperm, Ascaris megalocephala sperm entrance 

Slide Preparations ' . 

'Two precautions in making, temporary mounts. 1 The coverglass must be supported a slight 
distance above the specimen so as not to mash it. 2 The specimen must be kept wet. This may be 
done by adding more fluid to the .edge of the coverglass or by sealing the fluid under the coverglass 
by using a petrolatum barrier to prevent evaporation. 

Simple wet mount • * . 

Lay down a spiral oT petrolatum about tl\e size of a dime using the petrolatum' gun. The 
opening of the spiral permits excess fluid to escape as the coverglass Is pushed close to the slid'e. The 
specimen is transferred to the spiral in a small drop of fUiid and coversfipped. 

Open-ended Wet mount 

Lay down twQ parallel lines of petrolatum the length of the coverglass. Transfer the specimen 
to the included space with a dropper to Coverslip. Fluids beneajli the coverglass can then be 
exchanged by applying a drop tg one side, and removing excess fluid with a bit of paper towelling 
.(or bibulous paper) from the opposite side. Fluids must be replaced often to prevent the specimen 
from drying Qut. . , ^ * 

Either simple wet mounts or open-ended wet mounts may be kept longer (for hours) by sealing 
around the edges with melted petrolatum applied with a small camel hair brush. 
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Hanging drop preparation 

^ irthe specimen would normally noat, then a hanging drop preparation is in order for upright 
microscopes. The specimen is dropped onto the coverglass. The surface around the excavation on a 
depressix^n slide is greased lightly with petrolatum and then placed over the coverglass on the table 
top. The whole assembly is lifted and turned over quickly so as to not allow the drop to rua. Allow 
a few seconds for the specimen to rise against the coverglass. (Note. If the specimen drop runs, start 
over.)' . 

Supravital Staining - ^ 

' * ' ^ 

Vital staining is a proce§§ whereby living cells and tissues are stained in the animal body by 

dyes that do not significantly interfere with their vital processes. Supravital staining involves the 

staining of c^lls and tissues that have been removed from the body and stained while yet alive. The 

most commonly used vital dyes include Nile Blue A (or sulfate), Bismarck Brown, Janus Green B, 

Neutral Red and Methylene Blue. 

The following procedure permits the staining of cells in their undiluted natural medium. This is 
accomplished by the application of an alcoholic solution of the dyes to a slide and then letting the 
alcohol evaporate. To do this; . / 

« / 

! Wash several microscope slides in detergent. Rinse thoroughly in tap,and distilled waters ai/d 
finathy dry them from 9^% alcohol with .a lint-free clpth. Handle the slides with forceps or by the 
edges. Flame them over a bunsen burner to remove any-haces of lint and grease and store'in a" 
dust-free, covered box. /" . • ' 

■ ' • ■ 

2 Stock Solutions: Dissolve 125 mg. Neutral Red in 50 ml. 95% alcohol. Dissolve 100 mg Janus 

Green B in 50 ml. 95% alcohol. " 

-Fdr use: Mix 8 ml. of the Neutral Red solu,tion witfi 42 ml. 95% alcohol then add 8 ml. of the 
Janus Green B stock. Use immediately as the dyes will precipitate on standing for a short time. 

Flood the cleaned, dry slides with the stain mixture. Drain quickly. Dye films prepared on a 
humid day \^ill not be as even as those made on dry days. The slides will, keep indefinitely if 
.protected fr(/m dust. 

Sketches^nd Drawings , , • . 

1. Place sketches and drawings flfeov^ the legends provided. . * /, 

2. Place drawings to the left and label neatlylo the right side. ^ . '^^ 

3 Make drawings and sketchQS large enough to show details easily. Most drawings should be at least 

P/2 inches across. ' . v * 

Plant CeUs . ^ . . » 

1 Onion Epidermal Cells. Remove a fresh scale from an onion and with ra^or blade and forceps 
remove the inner epidermal layer. Transfer to water in a Syracuse watch glass. Cut inU) suitable, 
pieces with sharp scissors and transfer to an open-ended wet mount. Observe unstained wkh low 
illumination. You should be able to see the cell wall, central vacuole and pexhaps the thin layer of 
cytoplasm adjacent to the cell wall. Now draw some acetocarmine or methylene^ blue stani undef 
the coverslip fpllowed by several drops of tap water to wash away the.excess stain., You should now 
be able fo see the nucleus. Sketch one !cell and label the cell wa4l, cyt9i5lasm, nucleus and yacliole, 

2 Streaming in Nitella cytoplasm. Make a simple wet mount of a few filaments of the alga Nilella. 
Observe under high dry magnifica^tion with dim illumination. Is there any "rpovcment to be seen in 
tlKse^cells'^ Diagram a cell, labeling its parts, and indicate the direction of any movement observed 

the cytoplasm. . \ •. . . 
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3. Streaming in Elodea. Choose a young leaf near the end of a sprig of Elodea (the water weed). 
Remqve it with forceps, being careful to leave the tip of the leaf unbruised. Make a simple wet^ 
mount and observe under the microscope with bright illumination. Sketch two or three contiguous 
cells and indicate in which directions movement is observed. Label the vacuole, cytoplasm, chforo- 
plasts and the cell wall. ^ ' . ' ' ' 

4. Palisade celt from a green leaf. In your slide collection find the slide labeled ''Leaf Types.*' 
Study and compare the structure of these three types of leaves. Sketch a palisade cell from a dicot 
leaf. Label the nucleus, chloroplasts, cytoplasm and vacuole. 

Microbial Cells • ' ' . * . * 

• « 

5. Yeast Cells. To a drop of active yeast culture on a microscope slide add a drop of .05% 
rnethylene blue. Add» a coverslip and seal with petrolatum. Sketch a cell *ind label the features 
demonstrated. . • 

Jk^E. eoH. Flame and cool a nichronie.wire loop and transfer a loopful of E. coli culture'to a clean 
rhicroscope slide. Spread the drop and let it dry m air. Fix the slide by passing the slide, cell side-up, 
through a small flame two or three timq^ (untiljust warm to the back of the hand). Stain by 
applying a drop of Mucker's crystal violet for about 30 seconrds". Rinse wi^h a gentle stream of tap. 
*water and let dry in air. Clea^ the preparation with a drop of immersion oil. Find the field under 
Iqw power, then high-dry power. When you have selcvted a gOod area of the slide for study, one not 
too crowded with cells, go to 6il immersion. Sketch two or three cells. 

Animal Cells 

7. Pelomyxa or Chaos chaos (a giant amoeba). These organisms appear as white specks on the 
bottom of the culture dish. Use a medicine dropper to aspirate one or more and transfer them to a 
Syracuse watch glass. Obtain a slide tliat has beeij, treated with Neutral Red as described on page 
4-2. Prepare a simple wet mourtt and transfer the cell to the stained slide. From your knowledge of 
the colors of Neutral Red in acjd, neutral and alkaline media estimate the pH in various components 
of the cell. Note also the way i|k which amoeba moves. S. 0. Mast has described the components of 
amoeboid movement ^s follows; 

Movement of the plasmasol toward a pseudopod (artteriad) 
Gelationcanteriad 

Solation posteriad with a slight contraction 
Movement of the plasmalemma over the whole 

Can you verify Mast's observations? Hbw can th^ movement of the amoeba be explained?. 

Make a sketcji of the amoeba indicating t^e following. The plasmalemma, the plasmagel, the 
plasma sol, pseudopods. Indicate with arrows the direction in which the cytoplasm is moving. 

Set the slicle^aside and look at it again in about 10 minutes and again in about 20 minutes. Where is 
the^Neutral Red dye located in the cell? How can this be explained? 

8. Stentor. Prepare a simple wet mount. Place a small drop of 5% methyl cellulose in the center of 
the slide and transfer onto that a specimen of Stentor coereleus. Note the coordination of the 
ciliary movement. Tap the slide gently. Does this^animal contract? Can you see any longitudinal ' 
filaments called myonemcs? The blue-green color comes from the color of numerous algal cells that 
embedDed themselves in the wall of Stentor. These are commensals. What benetits does Stentor 
derive fromnheir being there? What benefit do the algal cells derive from being there? 
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9 An Animal. Ega|CpU, Fiiid a sHde oUscaris eggs (spe/m entrance). These are probably the mo-st 
idealized of the cdls we will look at today. They are .promoted by. a gelatinous coat. The cdl limit is 
visible.- The eccentric nucleus has'a distinct nucleolus or two. Since this is a microlecrthal egg the 
yolk granules may be -difficult to s^e. However, cytoplasm eontajning yolk is called deutonlasm 
Dr^ an 'egg. Label all of its parts. ^ ■ • " - : 

6 ~ • . ^ ■. ' 

fG A Sperm Cell. Find'the sli^e.labeled "Bull Sperm." These are rafher typical mammalian sperm 
cells Study them under oil imnaersbn and Rlentify the acrosome (Golgi material), the head (nuclear 
• materfal), the ring centriole, the midpieceVhich contains jnany mitochondria, and the-tail filament 
Vhich isaMOng flagellum arrsing from a centriole. ■ : 

■ Did you see a ccntrioie in the egg cell? -took again. : • ^ 

Find the slide labeled Asc^ris megalocephala, spefm entrance. Can you identify the sperm ceH of 
Ascaris? How is it differeijt from bull spernfi? Does it have a centnole? Do.Ascaris eggs have a. 

•<;entriole'> find an example where the sperm has entered an eg|. Does such an egg have centnolej? 

1 1 Look at a slide.of mammalian liver. There are n}any similar^ell^in a tissua hke thi^. Make a 
large drawing of a single cell: Label.the cell limit, the cytoplasm, the nucleus, and any otlier features 
you can identify. • , . 

n. Find the slide Jabeled "Milochondria;* M^ke a drawing of ^imild^ size to that m 1 1 . indicating 
the locale of the mitochondria and their shape. • ' 

13 'Tiolgi Apparatus: this controversial cell organelle is located near the nucleus. Sketch the cell 
and draw in the Cf olgi material. 
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Cell Types 



Vs. 



I. Onion Epidermal Cells taken from the inner surface of an onion scale and stained with 
Drawn from X. _ * ^ 



2. Nitella Cell. The arrows indicate tli^ directfo^ of movement observed. 
Drawn from, : X. 



3. Efode^Leaf Cells. . Arrows indicate tfie direction of movement observed. 
Drawji from - _lX. , ' 
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4. Palisade Cell from the mesophyll layer of a green leaf. Drawn from 



5. Yeast Cells stained with methylene blue.' DraWn from 



6. E. coli stained with Hucker's crystal violet. Drawn from 
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7a. Pelomyxa (Chaos chaos) supravitally 
stained with Neutral Red 
Arrows indicate the direction of move- 
ments seen in the celL 
Drawn from X. 



7b. Pelomyxa 



minutes after being 



stained with Neutral Red. 
Drawn from X. 



8. Stentor, a free-living ciliate. 
Drawn from « X. 



9. Egg cell of _ 
Drawn from 



10. Bull spermatozoan cell. Drawn from 
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1 1 PareiKhymal cells from the miammalian liver. Fixed and stained with haematoxyhn and eosin. 
Drawn from X. ' 



4 



l5. Mitochondria dem^Jigrated in the liver of the 
-of Bensley. - Dra^nfrom Lx." 



using the technique 



13. Golgi Apparatus demonstrated in.a. 
DrawfTfrom \ X. 



-2- cell of the 
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Cell Types 

Questions • ' 

.1. State the Cell Theory. 

2. What a^ the implications of the Cell Theory? 

3. What is our course description of a cell? Do all cells studipd today conform with this descrip- 

tion? ^ ^ * 

4. Bull spermatozoa do not divide and they h^ve an "odd" shape. What argj/ments can be made for* 

calling them cells within our course definitipH? 

5. Were you al)le to see a centriole in an unfertilized Ascaris egg? In a fertilized egg? Where did it 

come from? > 

6. How can one explain the streaming of the cytoplasm observed in Nitella? 

7. How can the form of proteins be related to movement in amoeba? Would the location of 
^ Neutral Red staining after several minutes back,up this view? 
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EXERCISE 11 - TYPES OF FOODS FOUND IN CELLS AND TISSUES 



> 



Materials and Equipment 

Boiling water bath (heater 

or burner and beaker) 
36 test tubes and rack 
1% glucose 
1% starch 
1% egg albumin 
1% glycine 
Corn oil 
Irish potato 
Turnip 
Peanuts 
Live^ 

Part A. Test for Various Foods 
Procedure 



Chicken breast muscle 
Mortar and pestle 
S^ea sand (fired) 
Flask, 250 ml. 
Magnesium sulfate 
Petroleum ether 
Acetone 

Small tunnel and filterpaper 

LugoFs iodine solution 

Benedict's Quantitative solution 

.25% Ninhydrin in 1 M Phosphate buffer 

Biuret reagent , 



Set up the water bath and start the water to heating. 
Number the tubes appropriately with a wax pencil, marking near the fops. 
Ascertain where the things are that you need to work with before you begin. 
Arrange. test tubes in your test tube/rack^ 

Place about 1 ml. of 1% glucose in four tubes numbered 1,11,21,31. 
Place ^out 1 ml. of 1% starch in four tubes numbered 2, 12, 22, 32. 

Do the same f5rj% egg albumin (tubes 3, 13, 23, 33), for^% ^ycine (tubes 4, 14, 24, and 34) 
and com oiu^cs 5, 15, 25^d 35). 

Take tubes. 1, 2, 3, 4 and 5. 

Add 3 drops of LugoPs iodine solution (1% iodine in 1% KI). 
Record the colors produced on the report sheet.^ 
Which of these reactions might be an identification test? 

Take tubes 1 1, J 2, 13, 14 and 15. 
' Add an equal volume of Benedict*s solution. 
Place in the boiling wa^fcr bath for 3 minutes. ^ / ^ 

Record the colors observed. 

Which of these reactions might be an identification test? 

Take tubes 21, 22, 23, 24'and 25. 
Add 1 ml. of .25% ninhydrin solution buffered at pH 7. 
Heat in boiling water for 10 minutes. ^ 
iCool. Add 5 ml. of 95% alcohol to each tube. 
Which of these reactions might bean identification test?* 
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f. Taketut>es31,32,33,34and35. ^ . . - 

To tube 33 add biuret reagent dropwise until a definite color develops. 
Add the same amount of biuret reagent dropwise to tubes 31,32, 34 and 35. 
Record the reactions. 

Which of these reactions might be an identification test? 
6. Rub each substance into a clean piece of paper. Fats will produce a singular effect. 



PartB. Foods in Cells and Tis^es 



1. 



Cut plugs of white potato with a size 1 , 2 or 3 cork bprer. 
Piece the plugs in tubes numbered 6, 16, 26 and 36. 
Place plugs of turnip in tubes numbered 7, 17, 27 and 37. 

Place a skinned peanut in tubes 8, 18, 28 and 38. ' 
Place a small piece of chicken breast muscle in tubes 9, 19, 29 and 39. - * 
Place a piece of liver about the size of a pea in tubes 1 0, 20, 30 and 40. , 

Take tubes 6, 7, 8, 9 and 10. Add three drops ofiodine. , 
• Record your observations. 

* • 

Take tubes 16, 17, 18, 19 and 20. . . ^ , ' 

Add 1 ml. of Benedict's solution. 

Place in the boiling water bath fpr 3 minutes. 

Record your observations. . *^ . 

Take tubes 26, 27, 28, 29 and 30. 

•Add 1 ml. of .25% ninhydrin solution buffered at pH 7. ' < " ' 

Place in the boiling water bath for 10 minutes. • ' =■ . - , 

Cool. Add 5 ml. of 95% alcohol. . ' ^ 

Record your observations. 

Tak^ tubes 36, 37, 38, 39 and 40. 

Add the same amount of biuret reagent dropwise used in Part A5. 
Record the reactions. ^ 

Extraction of lipid (fat). 

Grind about 1 gram of potato with sea sand in a mortar with the pestle. — * 
Add about an equai^ amount of magnesium sulfate to absorb water: . 

Grind well, into a paste. , ' ; 

Add 5 ml. of i^etone and 5 ml, of petroleum ether (measured in a graduate). 
Make a good sliirry. Filter. 

Evaporate the filtrate in the hood or in a well ventilated place over a boiling water bath (makmg 
use of a hot plate). Keep the acetone and ether at least 25 feet away from flames m a 
well-ventilated room. 

Repeat for each of the other foods bein^ tested. ^ ' 

When the residue is obtained from evaporation, rub some of it into clean paper. 

Rate the Various substances as +++ (very oily), (sligRtly oily), + (a trace of oil) or O.(no oil). 
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Foods Stored in Cells and Tissues 



PART A 


LUGOL*$ 


BENEJDICrS 
TEST 


NINHY- 
DRIN 
TEST 


BIURET 
TEST 


PAPER 
TEST 


1% Glucose 






1 




• 










• 






4 










1 ^ ftlvcinfi 


T 








< 


\% Ppannt oil 


- 










PART B 


t 










Trich PntQtrt 
irioil nuiavu 












' Turnip 












Peanut 












Liver 












Chicken Breast Musele 








'J ' 





In Part A o( the chart circle those reactions which are identifications. 

Questions / ' - i, 

1.* In, what forms will foods be stored in celk and tissues? \ 



> • *> 

2. What is the more usual name for **anlmkl starch"? 

3» What effect will feeding much more carbohydrate than can be used for energy needs have on 
the composition of food stored in cells? ' . / \ 



EXERCISE 12 - DIFFUSION, OSMOSIS AND ACTIVE TRANSPORT 



Part A. Diffusion of Hydrogen and Hydroxy! Ions Through Gelatin 

1. Cut a 12-inch length of Vi-inch cellophane dialysis tubing and soak rt in a beaker of water for a 
few minutes until it becomes soft. Work open the ends, insert a small funnel, and fill with tap water. 
Hold the ends and squeeze the water toward the center of the loop. Iftfiere are any holes in the 
tubing a fine stream of water will be expelled. Such a piece of tubing myst be replaced. ^ 

2. To a hole-free piece of Cubing add about 6 inches of melted 10% gelatin containing enough 
bromthymol blue (0.016%) to give it a definite color. Center the gelatin in the tybing and insert 
into a beaker containing .IN HCl. Note the time you put the tube into the acid and the time until 
it has all turned one color. What is the color? 

3. Remove the bag of gelatin from the acid. Rinse it off in tap water and transfer it to a beaker of 
.IN NaOH. Note the time and the •approximate time for it all to change color. Wl\at would a green 
band indicate? What is the final color? 

4. Answer the questions for the section on the Report Sheet. 
Part B. Osmosis " - 

1 . Obtain 7 test tubes and mark them 0%, 1%, 2%, 3%, 4%, 5% and 10%. Fill them about 3/4 full of ' 
the corresponding concentration of NaCl solution. o ' 

2. Cut SIX plugs of white potato with a cork borer. Size 1-3 is suggested. The plug must fit easily 
into the 10 ml. graduated cylinders you will use to measure the volume of each plug. 

3- Measure the volume (using, tap water) and weigh each plug, then transfer it to a tube of NaCl. 
Record the weight, volume, tube numbejj^nd starting time on your Report Sheet. 

4. After 90 to 120 minutes recover the potato plugs from each tube (one at a, time so that they do 
not get mixed up.) Blot awa> the excess solution with a damp (not wet) piece of paper towelling 
and determine its weight and volume again. How does each plug feel? Record your data. Return the 
plugs from 0% and 10% to their tubes of NaCl for use in the next section of this exercise. Discard 
tlje others. 

5. Plot the data for volume and weight on the graphs provided (Graphs 1 and 2). 

6. Plot, the data for percent change, in weight against the recipro,cal of the NaCl concentration 
(Graph 3). Do the^same for the percent change in volume (Graph 4). 
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Part C. Plasmolysis in Elodea Leaf 

4 

1 Make an open-ended wet mount of - an Elodea leaf so that fluids can be exchanged under the 
coverglass (see 'Exercise 10). ' ' * 

2. Find a green cell and sketch it. * * ' ^ 

3 Draw a 10% NaCl solution under the coverglass, drawing water off the other side with a bit of 
paper towelling. 

i 

. 4 Sketch the same cell at 1 minute intervals^ for 5 minutes. What happens to the vacuole?' The 
^ plasma membrane? The cell wall? 

5 Now add water to one side of the slide and draw off the salt solution. Wash the leaf well in this 
way. No)V sketch the celLat 1 minute intervals for 5 minutes. 

6 Xake a single-edged razor blade*' and cut a thin wedge from^ the potato plug in water (0% NaCl). 
Add a drop of Lugol's iodine solution to it in a Syracuse watch glass. Drain ai)d nnse with wajer. 
Make a wet mount and observe under the microscope. The iodine will have stained the starch grains 
dark blue oi- black. Identify the cell wall, vacuole and the starch grains. Sketch: Repeat this 
procedure with the potato plug in 10% NaCl, remembering to use 10% NaCl to nnse awayCShe 
Lugor^ solution. Sketch a cell and label as above. 

7. Answer the questions on this section in the Report. 

t 

Part D. Active Exiusion of a Substance 

1. Label 3 test tubes: N (normal), B (boiled) and P (poisoned). 

2. Add about 5 ml. of a growing yeast suspension to each. 

3 Place tube B in a container of boiling water or heat over a bunsen burner until the tube, contents 
boil for at least 1 5 seconds. This will kill the cells. 

4 Add 5 drops of 0.01 M KCN and 5 drops of 1 M iodoacetate fo the tube labeled P. (REMEM- 
BER- Both KCN and iodoacetate are poison. If you get any, on your hands, wash them immedi- 
ately.) 

5 Now to each tube add enough .5% Conga Red to give a good color. Record the color in each 
tube on your report sheet. - 

6 Examine a drop of each suspension under the^ microscope starting with tube N. What colors are 
the cells in- each tube? Are all of those in tube N stained? How about tubes B and P? 

♦ * 

7 Place a small funnel into each of three clean {q^ tubes. Prepare a filter paper for each. Filter the 
remaining contents of each tube. Record the color of the ceil on the filter paper and the filtrate that 
comes throi^gh. - ' , ' 

Turn in your Report before you leave for the day'. ' 



ERIC 



REPORT SHEET FOR EXERCISE 12 



Diffusion, Osmosis and Active Transport 

Part A. Diffusion of Hydrogen and Hydroxyl Ions Through Gelatin . ' 



Starting color: 

Time into the acid 



Color in .IN HCl: 



Time color complete 

inches or 

What is the approximate diffusion rate? 

Color in alkali . 



Minutes 



Radius of the tubing is 



cm. or. 



mm./sec. or 



Time into .IN NaOH 

Approximate diffusion rate is 



.Time color complete _ 
mm./sec. or 



^iautes 



mm. 



cm./min. 



cm./min. 



Did you observesa green band? 
What did it indicate? 



What caused the hydrogen ions to move into the gelatin? 

According to the kinetic theorypin what directions are the ions moving? 

What is meant by the flux of an ion? 



In what ways does a cellophane (cellulose acetate) membrane differ in its pro|)«rties from a plasma 
membrane? * * , . 



Part B. Osmosis . * ^ 

Why does the curve have the shape it does in .Graphs 1 and 2? , 



Part B. Osmoijis 



Cone, of NaCI: 



Starting* weight of 
potato plug in mq. 



Final weight of 
» potato plug in p>g. 



Change in wt. .(nrig.) 



% Change in weight 



TIME EXPOSED TO NaCl: 

0% '1% 



3% 



MINUTES 

4% 5% 



Starting volume of 
^tato plug in cc. 
















Filial volutne of 
potato DluQ in cc. 
















Change In vol. (cc.) 
















% Change in volume 

















How does the plug 
feel at the end of 
, the experiment? 



Part C. Plasmolysis 
' Questions 

' 1 . Plasmolysis means literally to dissolve the cytoplasm. Did that occur? 
H . ;2. How did the cell wall respond to NaCl? 

( 

** f 
f 

t 

' 3; What response or what behavior was exhibited by the plasma membrane (cell limit)? 
4. Why did the vacuplar contents*ehave as they did? 



I 
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* Osmosis 



•a 

I 
.s 



e 
u 

O 



GRAPH 1 
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2 3 4 5 

Concentration of NaCl in % 



10 



GRAPH 2 



o 

00 

c 

CO 

O * 

Mm* 

c ^ 



0 •-! 2 3' 4 5 

Concenfratioh of NaC I in % 

» * 

/* - 



iO 
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o * ! • * / ' 



GR'APH 3 



S 

U 



c 



7-' 



10 S'^ I 



2: ^. 



^ ^ Reeiprecal of (NaCl} in % r,- 




3^* 

(jciprpcal of (NaCf } in % 
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''Active "Exclusion of a Substance 



' ' ^ 


TUBE N 


TUBE B 


TUBE P 


Percent of cells in the field that are stained 








Color of cells ^stained undef the microspope 








Color of the tube^contents * * 






9 


— ^ — ^ "^r^ — 

Color of the filtrate 








Color of cells on the filter paper 

*, , 









What color changes did you find^with change in r,H for Congo' Red in Experinient.3? ♦ 
How do you explain the nuntber o&jcells stained in Tube N? 

How do you ekplain fhe number of cells stained in Tube B? " , ^ ^ 

How do you explain the fiumber of cells stained in Tube P? . . 



Woul.^ you conclude from Jour observations that Congo Red can pass tlirough the cell membranes 
of yeast? Why? ^ ' • " 



Did/the^Qpll meiTibrane protect the oell from a harmful substance (KCN)? 
What is the diffjprence in th? mechanisrps dperatingifi Tubes B and P? 
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Plasmolysis ih Etodea Leaf 





Eh 
CO 



Z 



^ U 

w 

o 




^5 O L- ' 



Ra; 



EXERCISE li - ACTIVITIES OF ENZYMES 
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Tincture Gum Guaiac in 

dropping bottle 
Splints 

Liver from freshly killed 
and bled animal 



• • Materials and Equipment forParts^ and B 
%• * ' 

8 Test tubes and racR 
. .'Wax pencil- 

. ' Mprt^ and Pestle '^^ • ' / 
Sea,sand (fired);.. ' \. * 
* MapgarieSe dioxide. / - 
.•Hydrogen' perQ^i4e^3% 

Procedure y . - * - 

1. Mark tWo test tubes '! and 2. {j}io No. 1 add about 2 cm. of water. Put about 2 cm. of hydrpgen 
peroxide intO'tlib^^No. 2.: V . 

2. To each tube add a pinch (about A gm.); of manganese dioxide (Mn02 ) and shake to'mix. 

A^'e any bubbles generated? Take a glowing splipt and insert it into tube No. 1, then int^ube 

:No;2. . ^ ' • ' * > N . 

• ' ' . . ' ' .f ^ ^ , 

4. Recohd younobse'rvatipns. • ^ . 

'/ Partft/Anl^nzymeinLiver^ ' ^ 

/ , , .(^atalase is an enzyme that is abundant in^the Hver. 

I • 1. 'label riv4test tubes 1 , 2, 3, 4 and 5. . 

2. Obtain a pii^ce of fresh liver abQut jthesizejof a.green pea and place it in tube No. L ; 

... 3." Obtain a piece of fresl\ liver about the? size 6.r2 or 3 peas and place it in a clean mortar. Add a 
little fired sea sand and grind the tissue to a.t>aste wfth the pestle. Add ajbout 5 ml. of .9%NaCI, 
mix well, and pour the suspension into a^beaker. Such a ground bit of tissue is called a homogenate 
if the^ cells are brciken up, and. sometimes sbreL , * 



Add l^.mL of the brei to tu^es 2, 3 artd^4. Heat tube No. 4 over a flame until it boils for about 15 
• seconds. Cool. • • * ^ , • 

4. To tube No. 5 add some fired sea-sand to about a depth of .5 tp I cm. • ^ 

' 5. Add 5 drops of linpture gum guaiac to each test tube. * . ^ 

6. Add about. 1 cm. of water to tube'No. 3 and about 1 cm. of hydrogen peroxide to tubes Nos. 2, 
^* 4 and 5. lfee«the glowing splint test on all tyibes to see if the^as generated will support combu^ion. 
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Part C. Effect of pH, Concenfration and Temperature on the Ratp of Enzyme Reactions 

This experiment may done as a d^monstration^^or as a special project by two or more 
studentJL \ 

Material and Equipment ^ ^ - ' * , , ' . 

B&L Spectronic 20 or 340^pectrophotometer ^ ^ , , 

2 B&L Spectronic 20 tybes ' 

Water baths at 27°, 37' and 57'C. • , ^ 

Alkaline Phosphatase, .5% in double-distilled water 
Acid Phosphatase, .57c in double-distilled water and .2^ para-Nitrophenyl phosphate . ^ 
0.1 M buf^r^as follows. HAc-NaAc at pH 3 and 5.5,Tris-HCl at.pH 7.0 and 8.5'and ^cine at pH 

lO.OWid'12.0 
Test tube rack and 30 test tubes 
Wax pencil 

0. 1.NaOH ' . ' i ' 
I Stop clock 

Experiment 1 -Effect of pH on Alkaline and Acid Phosphatase 

Consideration of an Hypothesis. Do these proteins behave the same at all pH values? Write an 
hypothesis for this experiment on your report sheet. 

Design of a Controlled Experiment. A control group or tube is needed in order to know what 
v^OiM have happened if the-experimentarprocedure had not been carried out on the material under 
study. In this case it is called a ''blank," that is, at least one tube is prepared with all of the 
components ujider circumstances where no reaction occurs so that the color generated by the 
components can be negated when thd blank is set for ZERO optical density (O.D.) in the spectro- 
photometer. See directions at the end of this exercise for operation of the B&L Spectronic 20 or 
340. ^ . . 

Procedure 

1. Mark two sets^of 6 test tubes for pU 3, 5.5, 7, 8.5, 10 and 12. Mark one set Alk. and the other 
Acid. Mark a tube "Alk. Blank" and another "Acid Blank.^.Add. 1 ml. of 53 buffer to the Acid 
Blank and 1ml. of pH 10 buffer to the other. 

2. Add 1 ml. of ,p-nitrophenylphosphate solution {b each tuhb, ■ • • 

3. Add 1 ml. of .5% alkaUne phophatase 'tQ the "Alk. " series of tubes and 1 ml. of*.'5% acid 
phosphatase to the "Acid" series or tubes. Do-Jiot add enzyme to the two blanks. Start the timer. 
Record the tempera^ture. . ' . 

4,, /At the ejid of 30 minutes add 4.0 ml. of .IN NaOH to each tube in the acid series and 10 ml. of 
-IN NaOH to each tube in the afkahne series. Proceed in the same order as in adding the enzyme."^ 
Add 4 mi. .of NaOH to the Acid Blank and 10* ml to the Alkaline Blank. Now add 1 mj^ofeach 
enzyme tath^ proper blank. * * * 

5. Read the^lor developed in the spettrophotomejter^ setting the O.p^to ZERO with the Acid 
Blank for th^rcid phosphatase sen'els and setting to ZERQ with^the AfkaUne Blank for the alkalme 
phosphatase ^eries^ The amount gf color that is developed i$ directly proportional to the amount of 
para;nitrophenol released-by the'eniymes. 

6. Record your O.D. readings and plot them oh^Graph K . . 
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Experiment 2- Effect of Temperature and Concentratii^ On Reaction Rate 

Consideration of an Hypothesis. What effect will temperature^'and concentration have on the rate 
of reaction? Write an hypothesis for this experiment on your Report Sheet. * , 

Procedure!. 

I. Mark 5 test tubes for each of these temperatures. T, 27°, 3f and 57^ Mark two tubes at each 
temperature "0.2%" and two "0.5%.'' Mark the 5th one "Blank." 

2 Add 1 ml. of pH 5.5 buffer and 1 ml. of p-nitrophenylphosphate solution. Then add 1 ml. of 
acid phosphatase td^ach tube except the blanks. 

3 Elace th^ T tubes in the cold room and the others in water baths at the indicated temperatures. 
Start the timer. 

4. At the end of 30 minutes stop the reactions by adding 4.0 ml. of .IN NaOH to each tube 
including the blanks. Then add I ml. of acid phosphatase Cs%) to each blank. 

5 Set the O.D.* to ZERO with the blank for each temperature group. Read the O.D. at 405 
millimicrons and record your data on the Report Sheet. Plot.your data on Graphs 2 and 3. 

Operation of the B&L Spectronic 20 or 340 Spectrophotometer ^ 




B 
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1 . Turn the spectrophotometer ON using knob A. 

Let the instrument warm up for at least 10-minutes.* ' 

Adjust the meter needle to an Optical Density (O.D.) of 2.04which is at the far left of the 
meter. Note that it is not the same as 0% transmission. - ' . • . 

'♦•■>. 

2. Select the desired wavelength^with the dial D. 

This operates a diffraction grating which diffracts white light to give x\w various colors (wave- 
lengths) of the spectrum. Wavelengths above 650 millimicrons wide require the use of a special 
infra-red phototube and filter which are inserted through a trap door in the bottom of the 
instrument when the current is OFF. « 

3. Fill a special B&L test tube with water or blank test solution. 

Wipe the tube clean with optical tissue, such as Kimwipe (not Wipettes). 
Insert the tube into the tube adapter (B) with the tube mark facing the mark on the front side 
of the adapter. 
CLOSFi the, adapter cover. 




/ 
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4. 
5. 
6. 



8- 



Adjust the meter needle to ZERO optical density (\007o transmittance) using Jcnpb E. 

Repea,t the adjustment to O.D. 2.0 and to O.D. 0.0 until the adjustme/it is stable. 

The instrument is now ready tp read unknowns at this wavelength. 

If the B&L tubes are not matched, use the same tube for all measurements. 

Rinse, after emptying, with a little of the next solution. 

1Q*^1^^X5'^>"^,^*^_ changed more than a few millimicrons, reduce the transmittance 

(increase the O.D.) using knob E before making the change. Afterward reset the instrument to 
O.D. 2.0 and O.D. 0.0. (See Steps I and 4.) . ' 

Do not turn the instrument OFF until the end of the period or end of the day, or else Steps 1 
through S musLhe jT^peated. However, do not leave tubes in the adapter. The adapter contain^ 
a shutter that is .closed when the tube is removed and thus the Jife of the phototube is 
conserved r ^ 



r 
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Enzyme Activity 

•Part A. Action of An Inorganic Gatalyst 



Tube 1 HjO plus MnOj 
Tube 2 VL^0 plus MnOj 



Gas?. 
Gas?. 



Did splint flame? . 
Did splint flame?. 



What gas?. 
What gas?. 



Write the chemical reaction for the production of the g^s. 



Part B. 

TUBE CONTENt 



COLOR AT END 



DID SPLINT FLAME ' RATE OF 8UB8UN6 



1 ^ -Whole liver + H^Oj + GG* 

2 Liver brei + Rfi^ + GG* 

3 Liver brei + water + GG* 

4 Bailed brei + HjOj + GG* 

5 SanJ^t H2O2 + GG* 
*Gum guaic 

Questions 



1. Did whole liver produce ga§ bubbles as fast as liver brei in tube No. 2? 

2. Which re^agent, thc^ hydrogen pefoxide or the gum guaiac, turned color? _ - 

3. What effect did boiling have on the enzyme activity? Why?^ 

4. What effect did grinding have oh the^enzyme activity^ Why? , ^- 



5. Show what reasoning would go into arriving at a conclusion about the presence of an enzyme 
which acts on hydrogen perpxMe being present in'liver. k " / . . . 
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Effect of pH. Concentration and Temperature on the Rate of Enzyme Reactions 
Experiment 1 --Effect of pH on ATJcaline and Acid Phosphatase Activity 
Hypothesis: 



- •■ • - ^Results: . 
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• * " Optica< Densities at 405 ^um, 

ACID PHOSPHATASE ALKALINE PHOSPHATASE 



3.0 . ■' 






5.5:" ' 


* — , ' ' ^ 


< . 


7^0 
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10.0 

r" 






12.0 


— '1 ^ ' . •* 
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GRAPH 1-*- Effect of pH on Enzyme ActMties 
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Exp.eriment 2-Effect of Temperature' and C(jncentration on Reaction Rate 
Hypothesis: 



Results: 
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TEMP&RA,TURE AND^ 
CQNCENTliATION OF 
ENZYME 


OPTICAL DENSITIES 


TUBE 1 


TUBE 2 




0°C. / " -5% • 




* 




27°"C. .5"^ 
' \ ^. ' " V.2% 


. -Tf 


/ . * » 
* 

■ A - 




37°C. 1 • . .5% 

■•.2%' , • 


♦ * J 

* V . * 




* 

r 


•57°C/' ' .5%.. 






* u 
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Experiment 2 (continued) 
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'GRAPHr Z - Effect ^o^ Temperature- and* Concentration 



20 - 30 40 
Degrees Celsius 



50 



60 



^ c 
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GRAPH 3 - Lineweaver-Burke Plot 
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Questions " ' , " * 

1. Based on the resiflts of Expenment 1, what importance can be placed on buffers in th^'primeval \ » 
©ceans from whfch the jiving state arose and what is its significance in modem cells? ^ . " V . 



1 



2: What would be the value of Q,o between TfC and 37**C, and between 37**C and ST'^C? Show 
your calculations. • , '* , ' ^ 



♦ • 
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Questions » • ^ - ^ 

. 3 ^ Would performing thii test fpr 30 minutes form the basisJai a reasonable assay oV the amount of 
-enzynfie present (within limits)? ' . ^ . " ^. - . . ' 



4. Why hiust a blank tube be prepaifed? 



5 Why is it important not to leave' tubes m Ihe well of Ihe Spectrohic spectrophotometer for very" 
longtirpes? ! ^ ^, • * . ' 



• 6. Why is a color produced by this test?^ Write the reaction. 
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7. What IS the action of cnzymcb on their substrates? Find a diagram which ^ummatizes the energy 
relationships of a non-catalyzed and a catalyzed reaction mediated by an enzyme in a text and 
reproduce it here. 



' I 
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EXERCrSE 14 - 



FERMENTATION AND AEROBIC RESPIRATION COMPXRED 



^This exercise will probably best-be used as a demonstration 
or as a special project for two or more students 



Part A. Starting Materials and jGetting Sorted 
♦ 

Matenals*and Equipment 

2 2-liter flasks 'of yea^t medium, 
sterile (prepared in Exercise 7) 
(Per 8 students) ^ 

1 Triple ""beaiTi balance • > 
'3 Aluminum weighing pans 

Actively growing yeast culture ^ 

2 150-ml. beakers ^ 
1 Burette and stand 

1 B&L Spectronic.20 orJ^fe'Spectro- 

'photometer and cuvettes 
1 box Kimwipes (optical tissue) ' 
Glass tubes . ■ • • , 

» • 

Procedure 



Glass wool 
Rubber tubing ^ 

1 and §-hole-rubbep stoppers 

2 250 ml. flasks 
250 ml. O.IN NbOH ^ 

Brom-Thymol Blue inc^^jg^f^^ 

3 lO-ml.'sterile pip^le (indtividqally 
wrapped) ^ ^ 

Test tubes and rack ^ * 

Reagents glucose determination by the 

h^xoK!<}ase method (such a$ the GlucO' 

S>^kit ftom Calbiochem.) 



V 



1 . Each pair 6J studfents should weigh the aluminum ^paHs on the<r triple begm b^l^nv^ as accurately 
as possible, Recorjl the N^eights. (Number and'^initial the pans with, some clean^ sfiarp object but nat 
pencil or pea.) ' - ' ' ^ * 

2. With a 10-ml. pipett.e asceptic^lly fr^sfer 5 ml, of medium to an aluminufn pan, and CO ml to a 
beaker. Be careful not to let the pipette touch fton-sterile things. / 

' / ' ' 

3. Eqmp the two flasks wrth stenWtubes and filters qs sho\yn below a« Foriii 1 and Form 2 

4. Tajce a new sterile 10 ml, pipette. ^ ' ^ ^ 

, Asceptically, transfer 20 nlb^of an actively grpwing ye^st culture to eac^ flask. Swirl to mix well.^ 
% *^ /' / * - • " ' , 

5;.Take a new sterile 10 mK/pipette. • / \ * ' 

^, Withdraw lO.O mK of iht flask mixture and ditjde^it betweea two weighed aluminum Weighing 
pans:. Place all three ^an'^of liquid in;he drying o^h at JOO- 1 lO^'C uijtif dried to a constant weight 
Record the dry weighf/3f tKe yeast (net weight*-o| the yeast samplies^les^ twue the weight of the 
broth sample).* 

6. Prepare Larbon dioxide traps by addmgiJOO rt\|<-of OJN NaOH and enough brom thymol blue to 
give It a definite color. Start a slow'stfeam 6/,a|E (about "2 bubbles/sec.) through the Form 2 flask, 

•/ * ' ^ ^' ' A < ' ' ■ 

7. Transfer 10 m^. pf medium from the beakefijCStep 2). to another 150 ml, beaker. Titrate/it to. 

neutrahty w>thQ.lN NaOH. You may have t^j^se pHy^drion paper. instead of bromthymol bki.e 
indicator b^causeJ of the amber color of thi bl'oiar^Record the result. ; 

8. Dilute 1, nil/ of the\)rot^i.(in the bpaJCer ffCj^^tep 2Xto 1-0.0 ml: with water. This Should reduce 

the concentration froki 1% to .1% (lOO m|.^' Determine the amount^gf gjucose in the diluted 

sample using the hexokinase method. (Th^ pfcfcei^iirc is provided separately.^ Record your results.' 

' ' - • ^' 

* 9. Hold your results fdr use next w^ck, i^*' 
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GLASS. WOOL 
FILTER 




BARALYME ANDx 
\ (jLXSSWOOL 
FILTER 



.TO 
AIR 



200 ml. .LN NaOH 
with BTB 



GLASS WOd^. 
FILTER 



FORM 1 




FORM 2 



Part B. Produets of Fermentation and Aerobic Metabolisnx C^ojk in pairs) 

" I culture each of^an aer,ai?}o and.an*an^eVobie preparatign.of yejJ:* I week old - * 
I Triple beam balance 1^^", 

4 AlufniriulTi weighing.i^TFjs ■. ' • . 

I Fluid trap.to vacuurt^^fnio^ " ' . • . * 

(NOTE: Please do TO*'ct)nnect suction flasks directly tathfe vacuum line.) 
I Suction flask with fttji^^ funnels and filter paper. ' ' .\ ^ > ■ 

I ^urette ind stand v-^^l; ■ > . ' . 

I B&L Spectronic 2(^'b04O Spectrophotome'ter with cuvett&s ' ♦ " • 
Test tubas and rack %w • . " ' ^ 

^ I 250 ml. ^raduat-ed "minder and alcohol hydrometer . 
^ Reagents for tRe dcte^mation of glucose by the hexokmase me^thod . . t . . 

> 2 Warburg flasXs anS ^pngn^gl^jf^ ^ Warburg bath . ' \ , . ' 

. I Thermomecpr (""O » , ' ' * . ^ 

2N Sulfuric acid ' . , ' - • 

Reagents for^the dcterftnnt|lion ot alcohol with' alcohol dehydrogenase, such as theSTAJ-PAK from 

Calbiochem. » * , » ' * 

10-mI. pipettes' . ^ * ' ' * • , /■ 

. . 1-ml. pipettes ' ' ' . , ' * • 

$' Alcohol1iy*tJromctbr ' ' • ^ " ^ 

Procfcdufis ♦ , ' * - ^ \^ 

, r M^rk the aluminum pans x^'Uft >ou/ mitials ant^ nunrfeer thejn. Weigh thtfrn as acooVately as^ypu 
^ -eajv.BcjTiove {0 ml qf ea-cii^^uUurv and divide >t bctween-two weighed paos. PlaJenhe pans in tjic 
arying^oventit lOO-lMO'^C aftd diy'ia ' . . ^ ^ ' ' . , 

^ 1 Filter the c^lls out of the culhijcg medium asing the Buchner funnel on a i^Wtion flask Lonnected * 
* to vacuum through a fluid trap. t)is^ard the veils mtp thecontau^er provided. ' 

3 Determine tl|? percent alc5llpj^by volunte by.fiHing,a 250 ml. graduated ^jyhnddr with the 
filtrate^ and 'inserting the alCohdl I^lrarneter' (ftmse and dry it between determinations so as not • 
to coiTtaminate the. fluids witli each.oth^rO Return the flinds tojhe appropriate flask / ' , ♦ ' 



/ 




.X 



4. 'Titrate 10 ml/uf eaj^h fiUratc to neufrality. with bromth>,mol blue o^piJidnoH^aper 4i^ing0.1N 
•NaOH. Record your tesult. . , . . ^ 

5. Determin^j' tlie glucose concentration using the hexokinase method; 

6. Determine the akohol concentrafion in both flasks ysing thb a^rahol dehydrogenase method. 
fThe procedure is provided separately.) .\ 

' 7. Determine th'e'amount of c^bcm dioxide. trapped ;n th^ . INiNaOH usmg a Warburg manpmet^r 
' system.' ' » • ' / j 

/■ . / ■ ■ ■ ■ • • ■ 



Determination of Cai;bon Dioxide (Option^) 

I. NJeasurc the volurne of- the .IN NaOH in the carbon dpxide traps (flasks) and brmg the volume 
to 2bO mJ. if thfcre'h^^^been any evaporation. 

^ 2. Obtain 2, Warburg flasks (one for the fluid iji each t/ap). These are numbered and are calibrated 
for the eor<cspondmgil> numbered manorfieter. The fla^ constant can be obtained from the bulletin 
boards , . . * • • • . * 

3. Pipette t mV of trapp^g flui*to the Warburg fla$k (but not to the center well). Remove the gas 
port and pipette^jn I ml. 6f 2^N sulfuric acid to the slide arm. 

^» . ' • • \ y ' ' L » ■ 

4. Greas^ the gas port plug.\vith anhydrous lanotm and secure it in plaoe with sprmgs or rubber 

bands. Groase the manometer tip with lanolin (not too much), put the flask on, and^ecure im- 
mediately/with springs or. rubber' band**. (The flask may stick momentarily without bQing secured. 
HoweverJ don't le^ve it or the flafek will fall off and break. Open the st9pcock at* the top of the 
manome/er^blue spot to'the right).- 

5. ^\^iA the manometer system on the bath support so that the flask is immersed. Let it equiUbrate* 
for abqjut 5 mijiutea. v ' w ^' * ^ 

6. Clq^e the stopcock and adjuit the manomeifr fluid to 150 mm. with the reservoir knob. 

7. Remove the rrianorncter system frpm theJbath.and tip in«fhe sulfuric acid. Return to the bath. 
The Jarb6n dioxide liberated' will force the'^anometer fluid upward in the open arm. To prevent 

overfflow. adjust thcrlpsed arm periodically back to 150 mm. ' . 

/ ' ^ ^ ' * 

men gas- generation is complete, adjust the ylosed^arm to 150 mm. and read the open arm. If 
the fluid IS above the scale (oyer 300 mm) raise the right hand arm reading so that the left falls to 
30()| Divide the difference be^een 15tf and the reading\)n the right arm by 2 and add the quotiejit 
to tpe re^cjihg on the right side. • * . ^ 

. .. ' ^ 

flc sk consUnt IS a factor which converts the reading in ram. to microliters of gas at standard 

coijditioni; of temperature and pressure. Therefore , i ' 

m croliters COj = Change in mm,K flask cpnstant • . 

Multiply by* 100 to get the^volume of CO^ trapped in 200 ml. Qf UN NaOH. 

8. Whenjthe determination has been completled, open the stopcock, then remove the manometer 
frqm fhejb^th arid rinse out the flask. • s • . 
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REPORT SHEETS FOR EXERCISE 14 
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FerQientation and Aerobic Re^iration Con^^ared 
Dry Weight of Yeast per 10 ml. in Starting Culture 



PAN 


GROS^ DRY 


TARE WEIGHT 


J^ET DRY 


* 

* 


' WEIGHT (Gm.) 


OF PAN (Gm.) 


WEIGHT (Gm.) . 


• 


2 , 










- 

3 




♦ 


« 




SUM 


r 




1 











■ t Net Dry Weight of Yeast '(Pans^2 + 3 minus 2 x Pan 1) 





Dry Weight of Yeast per 10 Ml. in Final Anaerobic CulturSN. 

\ 



=41 j 

PAN 


GROSS DRY * 
WElt5HT (Gm.) 

• 


tare.weigiIt 

OF PAN (On,) 


NETlDRY . 
WEIGHT (Gm.) ^ 




1 - 




t 


• 1 














SUM 


















Net Dry Weight of Yeast' (Pans 1 


+ 2 ipinus 2^x' Pan 3?) 






V 


( ■ 


Gaiii in V^eight (Gm;) 


• 



0^ 



V 

Dry Weight of Yeast per 10 ml. in Final Anaerobic Culture 



PAN, ■ ^ 


GROSS DRY 
WEIGHT (Gm.) 


TARE WEIGHT 
OF PAN (On.) 


NET DRY 
WEIGHT (CSn.) 




n 








2 






* f » ^ 


* , SUM 




3 








Net fcfry Weight of Yeast (Pans 1 + 2 minus 2 x Pan 3) 

Gain in Weight (Gm.) 
* ♦ » , ■ 







ERIC 



100 



Titratable Acidity i . • 


- 10 ml. of 

i 




' ' Ml. of .1 N » 
NaOH USED 


MILLEQUIVALENTS 
ACID PRESENT " 


'Starting medium 


/ 






Final Anaerobic Filtrate 




. < 




Gam (+yor loss«(-) 


t 


< 




Final Aerobic Filtrate 




1 
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* 

Gain (+) or loss (-) 
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Spepific Gravity by Alcohol Hydrometer* " ' ' 

* 


✓ 


% V0LJJM5 


AMOUNT IN WHOLE FILTRATE 

• 


'Anaerobi.c Final Filtrate 


% 




Aerobic Final Filtrate 
i 




t 


Anaerobic Finai/Filtrat^ 

— * — '-h ^ — 


t 
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Carbon Dioxide Collected in Traps 



r 



• FILTRATE 


mL USED 


i 

iJ-LASK 
NO. . 


FLASK 

>02 . 


ULITERS 

. CO;,,. 


TOTAL 
COg 
TRAPPfcD 


.. MOLES- 
COg 
•VOL/22.4 • 


From Aerobic Flask ' / 


% 












»k ' 

From Anaerobic Flask 


K 


t 


• 









'CHutose Content of Mixtures * ' . ^ 
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' 0. '6'. READINGS MINUTfiS AFTER MIXING 
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Method II 
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Alcohol Dehydrogenase Assay for Alcohol in Media and Filtrates 
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EXERCISE 15 - CHROMOSOME MOVEMENTS DURING 'CELL DIVISION 



ERIC 



(Followed with chrofTiosome models made of wire and pipe clearters) 
f * ' ... 

This activity can be assigned for completion before coming to class, r Time-SO min. 



Materials * * 

. ' -9 

Capper we (^20 to 24*gauge) 

Pipe cleaners (may be<iifferent colors) % 
Paper plattJS (6-in. diameter or larger) • 

Preparations ' , * ' • . 

• I. Cut 8 pieces of pipe cleaner wire about 2 inches long and 8 pieces of 20 to 24 ^auge Copper wire 
about 4 inches long. Bend half of these into V shapes and half into J shapes with a* small loop at the 
bend to represent the centromere (where tha-chromosomal spindle fibers are attached). 

2.. Cut out the models of the cellular structures provided with^his exercise. 

Part A. Procedure for Mitosis - - 



Mitosis- IS a fgrm of cejl division in which the' chromosomes (after replication or duplication) 
shorten ar?d become more visible in the microscope. The> split and are distributed to the resultant" 
cells in /et,s like those of the parent cell. j 

While the proce ss is continuous, certa*}^ parts of the process are named to help identify the , 
sequences of tlip process so that scientists may study and discuss tbem conveniently. 

Interphase . 

Place the modeF of the interphasic nudctrs (Nb. 1 ) in a paper plate. 

Pl^ce two copper wire V- and two,J-shaped moles of interphasic chromosome^ at random in 
the nucleus. This represents •^ar/> interphase. During interphase the celLwill be doiflg the 
woi'k it was designed to do so that the chromosomes will l^ely be concerned with 
making various kinds of RNA. As readiness for cell division approaches, the chromosomes 
switch frpm RNA production to D^iA production. This results in the replication (br. 
duplication) of each chrbffiosome. t^jfffuplicate lying beside the original. 

Place a second gDpper wire V- and J-shaped chromosome model on the others to form 4 pairs 
of strands. This represents late interphase and indicates readiness for the ^nucleus to 



ufldergo division. 



Prophase 



UQGi 



Place the model of the prophase nutleus (No. 2) in another plate. - \ 
Place two pair of J* and two V^^haped pipe cleaner models of chromosomes at random in the 
nucfeus. .Towards the end of^ prophase the nuclear envelope breaks, exposing the nuclear 
^ sap ta a change in acidity and salinity. This causes the spindle proteins to elongate into 

the spindle while the prophase jchTomosomes are*still scattered. The time until the chro- 
mosomes move to the eqgator is usually called f}rometaph&e 

Metaphase 

Place the modcLof the metaphase spindleJNo. 3) in a plate. • ' ^ • ' 

Place two pair o( V and J-shaped pipe clelaner^'chromosome models in the spin^ so that the 
small loops r^Jprescnitni^he-centrome'res are on the equator. ' / . ' 



Anaphase' * ' ■ * , 

• 

Using the same plate as for metaphase, arrange the chromosome models so that the bends 
point toward tlie'centrioles but leave the distal tips in touch with the equator. When all 
• have been arranged so that each member, of a pair of chromosome modds point toward 
oppQsite poles, move both sets to the aster on that side. ^ . \' ' 



Telophase . . 

* ' Place two models of the telophase nucleus (No. 4) in a pllte, ^ 
' Transfer the chromosomes from the anaphase model to these nuclei. Note that the aster is not 
fully withdrawn The beginnings of cytoplasmic division can be seen in cells at this stage. 
In^anima! cells a cleavage furroyy develops around the equator 6f the parent cell In pjant 
cells new cell wafll ma'tenals are secreted into the equatorial plate so that a division plate is 
• formed there. ' % - ' ' « . 

Interphase II. ^ - ^ * ^ " 

Place two interphasic nuclear models (No. I ) in two paper plates. " 

Supply nucleus of' each with two-paifs^of copper wires (2 J- and 2 V-shaped models), 
unpaired at random in the'nuclei. The division cycle is thus completed and the cell riiay 
return to doing whatever work its new cpndition is designed to do. 

Part B. First Procedure, for Meiosis (SpemVftoduction) . 

Meiosis i$ a form of celljdivision ik which the chromosomes (after replicwtion) shorten and pan' 

•up After possible breaks and recombinations the tetrads split apart in pairs* and are distributed to 

resultant cells ip double, homologous sets The telophase becomes the prophase of a second division - 

during, v<^hich chromosomes do not break, but are distributed'lo tl^e fin^al cells so that each has a . 

single set of homologous chromosomes. . * 
« 

In sperm formation (spermatogenesis) all of'the resultan^ cells are transformed into surviving 
sperm cells, which isjn contrast with what happens in egg production. ' . 

Interphase I, jt ^ 

^ '# ' ' 

Place the model of,the interphasic nucleus (No.T)^in a paper plate. 

Place twp pair of cppper wire J- and V-shaped models at random in the nucleus. This repre- 
sents early interphase. As readiness to divide approaches, these strands are duplicated ,"s?^ 
place similar*modeis oh the original ones and the*plate now represents late interphase . ^ 

Prophase I. . / ^ 

Place the model of the prophase nucleus (No. 2) in a pla-te. 
^ Place a bundle of 4 J- and a bundle of 4 V-shaped chromosome models in the nucleus. Tjiese 
bundles of 4 are called tetrads and result from the matching up of the two pairs of the 
same form of chromosome (homologous chromosomes) which' is a process called synapsis. 

Metaphase I , ' . ^ # 

• Place the model of the Metaphase spindle in a plate. * 
Arrange two tetrads of J- and V-shaped chromosomes on the equator. 

f ' 

Anaphase I ^ » « . 

Ust the same ptate as for Mctapfiase I. • r 

Divide the bundles so that the centromeres of two chromosomes m each bundle are directed 
toward opposite asters. Mx)ve them to the aster end of the spindle. 



Telophase!, * ^ • , 

Place two telophase nucleus models (No. 4) in a plate. ' ' - ^ 

Place* a pair of J- and a pair of V-shaped chroiposome models at random in jeach nucleus. ' 

* 

Prophase If. ' ' ^ - 

Telophase I is also Prophase IK except that the cytoplasm jias to divide, . . . 

Place a prqphase nucle;ps model (No. 2) in each of^twb plates. ' ^ ^ ] 

^ Transfer, the chromosomes from Telophase I to tho^^lm^^K^ * . ) ^ 

Metapl^se II, " * . " / , 

Place models of the metaphase spindle (No. 3) in each of two plates. • ^ 

Transfer the chromosome models from Prophase II placing their centromeres on the equator. 

/ ^ ^ . . ^- ' 

j^naphase 11. , \ 

Separate each pair of chromosome models so that the centromeres are directed toward oppo- 

♦ site asters. Move the chrortjosomes to the asters. , - ^ , . 

- ♦ ft ^ 

Telophase II. ' ^ . ^ * 

Place two models of telophase nuclei (No.' 4) in each* of twO' plates. \ ^ 

Ttansfer the chromosome models fpm Anaphase II to the nuclei. ' I 

interphase 11. . ^ 'v * " 

Transfer eacl) af the Telophase II niKfleii to a separate pla^e. ^ ^ 

Replace each pi^fe cleaner model of, a chrompbome with a copper .wire mo*idel ta indicate the 

interphasic cdndition of tKese nuclei. 

* ' • 

In some animals (Ascans. Lobster, etc.) the spermatozoan may be amoeboid. However, most 

* mates form tailed spermatozoa which are formed frorti these ha^loid cells. The centriole generates a 

long flagellum and the mitochondria become concentrated in^ the cell so that it like an ATP; 

powered" torpedo carrying a warhead oPone set.of chromosonles. * /; . 

, Part C/ Second Procedure for Meiosis (Egg Production) . - . ^ 

In most developmg egg cells the spindle size is much reduced in relative size when compared 
with a developing spermatocyte. However, we will use full-sized spindle models since the process is 
the same and if will'Jbe more convenient working with the larger size. 

Interphase I. j * * - ' ^ ^ 

Place the model pf the intepp1\asic nucleus (No. I ) in a paper plate. 

Place two pair of copper wire J- and V-shaped models at random ii> the nucleus. This repre- 
* sents early interphase. Xs readih.ess to divide approaches, these strands are duplicated, so 

place similar models on the origmal ones and the plate now represents late interphase. 

Prophase /. * ' . ^ ' * . r : ^ 

Place the model of the prophase nucleus (No. .2) in a plate. , 
Place a bVindje of. 4 J- and a bundle of 4 V-shaped chromosome models in the nucleus. These 
bundles of 4 are cabled Jiptrads 4nd result from synapsis of pairs of homolo:gous chromo- 
somes. ^ » , , * ' 



MetaphaseL * ' • ^ ~ * - ^ 

Place the model of the metaphase spindle in a plate. ^ . \^ 

ange Jwo tetrads of J- and V-shaped chromosomes on the equator 

Anaphase I ' ' . ^. , 
User the same plate as for Metaphase 

I^Jde the ^bundles so that the centrbmeres of two chromosomes in each bundle arfe directed 
^ towards opposite asters. Move them to the aster end of the spindle, 

'Telopha^i, ^ . , ' ^ ' ' . * * 

Place one;telophasfi. nucleus model (No. 4) in a plate and place' a model of the polar bo^y cell 
. ' - (No. 5)^t the oppdsite pole outside the plate. • ^. 
Place one set of^chromdsome models from Anaphase itt random in theltuc'leus in the plate* 
and the other set in the nucleus of the polar body cell. 

Prophase IL • * ' ^ ^ o 

. . Telophase I for the cell in 'the plate is also Prophase 11. » 

Metaphasa II. % ^ ' ' - r • 

Placeaspindls^odel(N6. 3)ina*plate. ^ « , , 

. ^ Transfer the chromosomes from Jhe plate used fbr Telophase I* to the Metaphase model, 
placing the centromej:e loops on the equatdr. ^ - ^ ^ " . * 

Anaph^II . • * * / . 

Separate the pair pf chrpmjJsomes in both the J- and V-shaped groups. These same changes are 
taking place/in the {Tolar body. Move the chromosome models to the .aster end of the 
. spindle. ^ ^ • ' 

Telophase II. 

- Place^ telophase nucfeus model (NoA) in a plate. ' ^. 

Transfe* one set of chromosomes from Anaphase 11 to thi§ nucleus. Transfer the'other set to a 
polar body cell model (No. 5) beside the plate. Place two more polar bo4v cell models 
^ (No. 5) beside the polar body cell motfd for Telophase I. Divide the chromosome pairs 
and put one set in one of the^polar body models and the other set in the other. 

Interphase IL ' » ' * r 

The plate model in Telophase 11 is a model of an ovum. You will have noted that as in sperm 
formation there are now four cells, but three of them ape somewhat reduced in size andjn ' 
fact they are not functional as eggs, because they laQk cytoplasm to stpre food. for 
developing embryos. The model now represents the egg pronucleus,. fhe chromosomes, 
will go immediately to prophi^se as will the chromosomes of the sperm prohucleus. The 
sperm pronucleus has^ the centrioles for the zygotjc spindle. The pronuclei will not 
^ *'fuse,'' but rather 'the chromosomes of the female pronucleus will enter the spindle of the 
mal« pronucleus, and the yoMng (zygote formation) of the^ two sets of chromosomes is' 
completed. 



EXERCISE 16 ^ CELL DIVISIOJ^. 



V 



'Material W Equil^ment ' * . . ' ♦ 

Microscope with lamp : ' ' • Prepafed slides of ma'turatiqn *i 

Razpr blade * * . in Ascarjs eggs . . / 

Microscope^lides and coverslips » • * Chloroform . 

Forceps, droppef and. dissection rteedje ^ Absolute alcohol ^ ■ • , . j ^ 

Chart of ammal and ptent mitosis . . * Gia^ciai acetic acid - • . ' . ^' 

Aceto-orcera lig^t green stain ^ * # '^Allen's Fluid ^ ' ' . 

•R^pared §lides of whitefish blastula , Acid alcohol ^ 

Part A. Demonstration of Mitotic Figures in Onion Root Tip 

' . These slides can be prepared in as WXii^s tiiree minutes. ^ 

Step i. Cut off l/8-mch of theVoot tip with^ pair of scissorsr Pick ^p the tipi^itK'theiforceps.XIt 
IS best to select small onions for growing th^ roots and to allow the^'fpots to grow .over 
S/4 of an' inch in length before cutting the tip.) These roots must gr6\ving vigorously. 
^ / ' ' ' i ^ ' |i , * , ' ■ 

Step 2. , Pface the tip in Allen.'s' Fluid, for 35-40 seconds; then blot. -j 

- * • J/' ' ' 

Step 3. Then place the tip in Aci'd-Alcohol»for 35-40 seconds; blot. ^ • , 

Step 4. From the Acid-Alcohol place the tip.on a slide and then add sej^eral drops of Aceto- 
< Orcein-Light G4:een stain on the'tip. ' * ^ - ' ' • . ' 

step's. glass 'coverslip apply pressure on the tip until it becomcjV spieared thinly. Then 

t slowly lift the^coverglstss off the slide, add mbre st^in, and allow the stain to* get tp the 

smeared portions.' Press on the'smeai; again. This liftin^^and* pressing should be don^three 

Step 6. ^^eave tjie snieared root tip in the starn appro\imateIV^3-4 mi^ii|es. Within tan minutes 
tof-huniihg^udfentsiiould find good mitotic ^u^^^ 

'Allen's 'Fluid (Fixative-.^aAd Mordant) - ^ 

Saturated solution of picri(j ajcid in water . . 75 ce. 

Formalin, U.S.P. t v .5^ . 15 cc. • 

Acetic Acid, G'laci?! : l- ■ ■ 10 cc. 

Urea . . ^ :.]..'..>:... ' . . . . ;K • - 1 gm. 

Acid Alcohol (Softener^* . | '.-^ 

Concentrated Hydrochloric Acid ^, . 100 cC. 

.Iso-propyl Alcohol, 99% .^^ ' \ .. \ ... /I; ....... . 200 cc. 

AcetO;Orcein*Light" Green Stain - * ■ . ^ # . 

• - ' • Iff X' . , 

Solution 1 1 part Solution 2.1.....-..-. 1.5 , parts 

I . *' . • • - , 

Courtesy Rcid Jack$on. Graduate Schqol of £ducation. Harvard University' 



11.0 V- ^ 



Solution 1:^ 0*135 grams of Light Green S.P. dissbiveijtin 100 cc. of a 50% Aqueous solution of . 
Acptic AckI, and filtered. < * » !-,■-' 



Solution 2|f 0.5 gftms of Orcein dissolved in 100,cC. ot^0% Aqueousfsolqtion of /^cetio Acid, and 

■"T- . . , ■ : -I h'\ . 

Mix just before usfng. - . • i ^ 

' ' ^ . ' . ' ^ ' ' ^ ' ^ ^ 

Palrt B. Mitosis , ^ ' I • 

The whole studV of i^itosis is simplified and itiad^ pore significant if certain basn. ideas are 
ket)t in mind throughout th^ obsjsrvations. ^v,er> celKn^iist descend [from a pre-existing cell and 
daughter sells resemble the*parentxell. It fpllows thenl that celj divisijon is equational in character,. ^ 
•thd two daughter cells being equal to each other and to t^e parent/rom which they denved. Since 
we know that the shape and the size and the activities of a c?ll ai^xontrolljed by factors m Ihei ' 
- nucjieus. We mnst examine critically the fat^ of the nucleus as it und ergoes'd'iyision.to' form two 
daughter cells. * , p ? . ' 

It is important to. bear in mifid that the phases of ipittsis you observe are like the Single shots 



in a^^motion picture film. Understand' the' single dynamic of the whole process as^it goes on in living 
growing cells Observe the revering character of mitosis and that the changes from prophage to* 
metajphase are roughly like those from mefaphaseto telophase. ' i; ^ v 

to observe mito^;s in living^ material it is necessary to setfure- tissue.where gro>^th is rap^d and 
cells 4r^ actively di^diiTg. Mitosis is a universal phcnomwioh ind mignt be observed .in th^lijftingj 
lay0fs'|Of your throat ot about a haling wqfUnd. It is gerteralLy preferable to use vegetable tis^e/ 

Sf|idear 'material and chr6mbsome$ have a greater affinity for the'stain than other cell parts. 
Observe the loosely compacted 'cells of the rbQt cap. Can you thin|c^ of a i>se for Jthese in' the 
economy pi root growth^ B'enea^th th^ root caf) at the very tip of the rgot proper will be observed a 
mass ofsmall densely cytoplasmic cells. Lbok for actively d^iding cells with chromosomes iq this 
' region, ^ack of the tip will be si^n a zone of larger and.ibnger cells appearing more or less empty. 
This is the zone of cell ?nlargeiT]ent' including some jnupient conducting cells with spqrlglike coils 
of cell wall thickenings. ^ . . • 

Supplement your examination of^the fresh root tii<.With prepared s{i[des of onion root tips 
showing nfjtosis Draw a series^bf figures showing what you see in typical.onion foot cells under- 
going mito^s Arrange your drdwirf^ irt.a series to sho\y the true sequence^eariy ppphase to late 
telophase* I^esting nuclei 'are characterizeB 5^ a uqiformly granular appearance. Dunng prophase 
this granular material becomes organized into long slender much convoluted threads which become 
progressively shorter and thicker. Prophase nuclei also show a small dark staining sphencal bbdy- 
the nucleolus!^ This stfUctUfe is.of uncdjtain function but disappears at the end o£ prophase.. 

'^he probhase Hgure is Succeeded by.metaphase. At this stage the nuclear membrane has 
completely diUppeared, and a'spindle figure' has formed". The spindle is actually formed of more 
densely gelated protoplasmjic strands. Keep in mind its three dimensional aspects. Note that the 
chromosoij^s are ftow obvibxxsty paired structures formed by the lengthw^e splitfing of the parent 
Chromosomes (The actual splitting occurred in early prophase, but is difffirttH to see in prophase 
figures ) In onion there are.l'o^rteen long chromosomes. You will note th^aUney extend well up and . 
down the spindle figure but that a plane passed throygh the equator ^Tthe spmdle would tough i 
each chromosome Each cftron)Osome has a pointUf attachment to the spindle figure which in the 
metaphase figure always lieS iri this equatorial fegi^twjyletaphase is a ojie-condition figurje. We do 
not speak of ^'eal;ly'' and "late";metaph^se. 
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Dunng anaphase the, chramoso/ne halves' move apart, so that each leaves its twin of the 
. metaphase 4;nd moes toward opposite poles of the spindle figure. The anaphasejiji^ariiic and 
m^> be considered to last onl> while the chromosomes have a V-^^pe witir the pomt directed 
tuwdfdithe p6le where a daughter. nucheus will be reconstituted. This chromosomal movement is not 
Jully understood* but'it is thought that they are drawn along by tractile fibers which some workers 
believe be pse^dopoxtmm-bke extrusions of the chromosome itself 
i . : / , ' * ^ 

Telophase begins when movement of th? chromosomes stops. Dunng this phase, the two 
chromosome gtoups re9rganize as new nude^i with thoi chromosomes losing their gelatinous matnx 
and becoming successively threadlike and granular again* as in the prophase. Other telCphasfc 
'cfianges in plant cells include the reappearance of nucleoli and nucleaF membrane^ together with ^ 
formation of a "cell plate" in the equatunal. region. By the coalescence of droplets this Cell plate 
becortics the cell wall of late telophase and c^ll division is complete. Note that the cell plate and cell* 
wall divide the .cytoplasm in two parts. There rs iip elaborate mechanism for precise equaUonal 
division* heri. ' ' • ' * 

Follow your observations of plant jnitosis with 4 study of prepared slides of vVhitefish blastulae ^ 
as examples of mitosis in^ typical animal Jells. The'bJast^ula Is an early embryonic stage following 
fertilization of the 'fish egg^.Iyfake a record of diff^renc'fes between t|iis and division in a plant cell. 
See ast^r. central bodies and try to find a centriole. Do you find any asters which have appeared 
before the breakdown of the nucltar mepibrahe^.Note the pinching m two of the parent cell as the 
fNvo d^iughter cells are forme<^in.Jate .telb^^ha^Xwhat is the mechafusni of such a construction of 
protoplasm? This qiiestion is still ulianBwere^d bY matJem re^archert. 

In using the prepared slides of both tlie dnion root and {he wh^efish blastula rememjber that 
the effect of i^ectioning is to show only parts of cells in most cases.* Vou could not understand the 
shape of a whole bologn5 by examining a single, slice. Examine many cells and in your own jnind 
reconstruct the situation in an int'^t undamaged cell. ' • • • 

References • ^ j * ' - ' 

Ma/ia»D. 1953. CcirDivision.5c/e/7r/j7c^menctf/7. August. 53-63. ' ^ ' [ ^ 

Swanson, Carl P. I960. The Cell 2ndjed. Englewood Qiffs, New Jersey. Prcnjticc-Hall, Inc. pp. 62-77. v 

Part C. Meiosis , , * t . \ / 

• ' ^ i \ ' ' /- 

Study a ,shde of rrtatunng egg& of Ascaris megatbcephala, the round worm of horses. This is 
convenient matenal because there aj'e.only twp chromosomes to follow. These eggs, however, hke 
many invertebrate animal eggs, becopie ripe for sperm entrance before the meitoic divi&ions begin in 
the egg. The sperm nucleus, on the other hand, waits in the egg cytoplasm for the meitoic division 
to be complete before the male pronuyleus fus?^ with th« female pronucleus. Find these stages. 

Gerrkinat venule stage. This is*%^ ^gg before sperm entrance. It has a large nucleus (germinal 
vesicle) which is not usually in the c^^ter of the cell. The cell is surrounded by a jelly 'coat ^nd there 
is a perivitelline Space between the jeliy coat and the egg cell itself 

Prophase Two chromosomes will be seen- in the female nucleus. The sperm nucleus**^s"\a d^eep- 
staining body off to one side. . , * ^ . 3^. 

Mctdf/hase I , Two tetrads of chromosomes can be seen in the spindle at the edge of the egg»cell; 

Metaphdsejl The first polar body cell Iws been formed afKi may be mashed against the jelly coat. 
Two diads (pairs) of chromosomes ^ill be seen in the spjndle near the edge of the egg cell. 

Proniulcar Stage The second polar body cell will now be.pinche.d off the edge of the egg cell aijd 
tHe egg pronucleus is approaching the vesivular male pronucleus aVid its asters. The female chromo- 
somes will enter the spindle formed by the male pronucleus and the first mitotic division of the 
zygote will ensue. " ' ^ / .... 

' . . • . ^ ' lid • * ' ^ • 
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Drawings of Cells in the. Whiteflsh Blastula in Various Stag^' bf. ptdsis 



Stain tJseS: 



Drawj\ from f "inagnificattion of _ 



A' 



■I- 



•1 
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* Drawings of Ascaris Eggs in Differeiil Stages of Meiosiis 



.Drawn from a magnification of. 
> i 



' Hi 
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Cell Division ' • . ^ 

* , I .Why are cells staiqed to study mitosis if staining them results in their death? « , 

2/ If a cell has foUr pairs of chromosomes, how many pairs will each daughter cell have following 
mitosis? * - * 

3. Briefly characterize the mitotic phases. 

4. -What do you think the role of spindle fibers is? J 
5/ How are ptent rtitosis and animal mitosis similar? ^ 

6 What major structural differences are there between m/tosis in onion c^Us and whitefish blastula 
. • " cells? ^ • . 

7. What is synapsis? ' * • . 

. 8. What are polar body cells? . , . 

9 How do the final cells in male mitosis diffg^r in viability with the final celU in female jneiosis in 
animals? r ,r ' / * ^ * . 

Use additional sheets* of this size'to cpm^lete your answecsrif necessary. 



EXERCISE^ 17 THE PHYLA OF THE ANIMAL AND PLANT KINGDOMS 



' There will be placed on demonstraUon a representative specimen for e^ch of the major phyla 
m the plant and animal kmgd^mT Phylum means "tribe," and thereforejs made up of several 
Classes, Orders, Families, Genera and Species. You will be asked in this exercise to identify the main 
structural charactenstics that distinguish members of one phylum from another This is almost like 
asking a "min from Mars" to look at you and characterize Earthmen as well as AmeriCdns as a 
nation. On "the other hand it would be Easier for him to take you back to Mars with your character- 
istics than to transporMhe whole city of Atlanta,. Geor^a back to the red planet for the same 
purpose, r . ^ * ' ' r 

A basic chart has been prCvided.for your guidance as the answer sheet for thi§,exercise , 



REPORT SHEETS FOR EXERCISE 17 



. PH5'LUM 


; : = — : : 

' ■ ^ ANIMAL KINGDOM 


NAME OF ANIMAL 
OBSERVED s 


STRtJCtURAL CHARACTERISTICS 








Coelenterata- 
(Cnidaria) 




. A ^ . . . • 

• • 


r^idiynciiiHnincb 






INCIimiUlJla , 

: ^ r- 




= ' '. 


Diyozoa " 




' z : ' 


Brachlopoda 




* 


Mollusca 




\ 


Annelida 




^ . / * 

• 

* 


Arthfopoda 






Echinodermata 






Chordata 


- 


1 


SDBPHYtUM 
' VERTEBRATA ' 


* 




Class Elasbranchii 




* 


Class Pisces 






• 






* r 

Class Reptilia 




» 


^ Class Aves • 




: — ^ 

• > 

^ \ 


'class >1ammalia 







17-4 

V 



PHYLUM OR CLASS 


PLANT KINGDOM 


NAME OF ORGANISM 
OBSERVED 


1 

STRUCTURAL CHARACTER^TICS 


- PHYLUM THALLOPHYTA 






Qlass Schizomycetes 




^ ^ -> — 


Class Myxomycetes 






1 


- 


^ — '■ i ^ — 


X 

Class Fung) 






Class Ascomycetes 


\ 

f 




Class Fungi ImperCecti 


f 

1 




PHYLUM TRACHEOPHYTA 

— L- 






Class Bryophyta 






Class Pteropsida 


\ 




Class Gymnospermae ^ 


t 




Class. Angiospermae 
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.EXERCISE 18 - COMPARATIVE ANATOMY OF SOME SKELETAL FEATURES 



Materials • ' ' . 

Skeletons of fish, frog, lizzard or turtle, bird, bat, cat, horse, cow .or pig, rHor\^ey-or man. 

Clipboard with drawing paper. Pencils 

Procedure . ' 

Make simpje line. diagrams (not dra>vings) of the b^nes in the arm, wri^t aitd hand pf the 

abovje animals and under each tell w^at the appendage is used for, that is, its capabilities. , 

Example: * * ^ 




Man 



The joint moves easily it^the shoulder, bends together at the elbow and has un^er'sal ajBtion at 
the wnsts. The jointed fingers can dose into^.fist with an opposable thumb for picking up small 
objects. The capabilities of this organ are throwing, swimming, hammering, caressing, squeezing, 
waving, receiving, paddling,'and many others. ' % 



V. 
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EXERCISE 19 - DISSECTION OF THE FETAL PIG 



Materials an^ Equipment . , • • ■ 

Dissecting board or pan '• • ' ^ 

string • . ^ ■ . • ^ , . 

Dissection instrum^nU. Blunt-sharp scissors, blunt probe, forceps, *scalpel or single;pdged razor 

blade ' . * ^ 

Fetal pigs with vessels injected with latex " ' * • '^^^-^ • 

Hydrous lanolin ^ ' . • 

Plastic bag and name tag ^ ^ 

Procedure ' * 

1 . Rub your hands with hydrous lanolin to protect them from the preservative. : 

2. Wash the fetal pig assigned to ypu with running tap watef to remove excess preservative. 

3. Secure the animal to the dissecting board by placing it on its back and putting a loop of string 
around each Teg, then tie these to the board, viz:' 




4. Use a scalpel or single-qdged razor blade to make a crosswise cut, about an inch long and an mch 
anterior (toward the head) to thettump of the umbilical cord. Insert the blunt blade of the scissors 
into the incision and cut laterally to bgth sides of the abdominal cavity. 



5. Extend the cuts aAteriad (toward the head) throijgh the rib cage. 
Extend the cuts posteriad to the bottom of the body cavitj). ' 

Reflect the anterior flap over the head and the posterior one over the tail. 

6. Rinse the preservative with running tap water. Dhturb the organs as little as possiKle.^ 

7. Id&n!ifx these structures and parts: ** ^ 

■ The Abdominal Cavity ' ' , * 

This is lined with a thin, glistening membrane, the peritoneum which covers the walls of the 
cavitji^^nd the surfaces of the visceral organs. Where these are in the cavity, the connections are 
caWQd. mesenteries The mesenteries supply the intestine, for example, with bltkj^ vessels and^nerves. 

The Chest Cavities ' ' 

ft , . . 

The chest cavity is^epat3ted frotn the abdominal one by the diaphragm, a saucer-shaped sheet 
of muscle The pibkisji lobes of the lungs are. easily identified.. Air reaches them through respiratpry 
tubes,^ the bronchi and trachea- Surrpunding the lungs is a thin'membranous sac, the pleura and the 
contained pleural cavity. The membranes over the heart are called thQ penicardium and enclose the 
pericardial cavity. ' • • - 

Tbie Viscera of the Abdominal Cavity 

The liver is relatively large and brown in color. It lie^ next to.the diaphragrn. Next to it' is the 
stomach. The stomach empties into the convoluted small intestine, which occupies most of the right 
side of the body cavity. The large intestine empties into the rectum and ends at the ^us. Th 
^j)ancreas is found in the angle of the stomach anci the small intestine. The spleen, pirt of flie 
lymphatic system, is an elongated, reddish-brown body next to the stomach. Without disfupting fl« 
mesenteries, move (he intestines aside to see the Vidheys, two bean-shaped, br^wn organs embeddej ^ 
in the posterior wall of^th? body cavity. Embedded in the fatty tissue at the top of the kidneys are^ 
the adrenal (or ^u^txxtndX) glands. Posterior to the kidneys, find the whitish urmary bladder. At the 
posterior end it narrows into a duct, the allantoic duct, which extends into the fetal end of the 
umbilical cord. • " ' . 

The Fetal Circulation ^' ' . " 

In the cut^end of the umbjlical cord identify the .collapsed umbilical m>2 and the open 
umbilical arteries. The aUantois fnay also be seen, depending on the age of the fetus and the distance 
from th6 fetus tjjie cord i^ut. Inside of the lower skin flap, recognize the'umbilic^l v6in leading 
^forward to the liver The umbilical vein may have been'^ut- Posterioriy, the umbilical arteries, one 
from each hind leg, enter4he stalk of the cord. . ' ' ^ 

Organ Systems' ' ' ' V 

Organs seldom function independently. Therefore, those organs that function together are 
grouped into organ systems.'Each organ performs a special set of functions for the body but some 
organs cannot do well without its system-matey. For^example, a large cut in a blood vessel (an 
organ) may result ii? enough |^od lOss so that the heart doesn't have enough to pump^. Since it 
cannot propel blogd to the lungs agd back to the rest of the body, cells all over the body begin to 
die» Below is listed th^'fergans in a'Tew ^stems. 

The organ systems^ of the human body are generally identified as the muscular, nervouS, 
sensairy, circulatory, lymphatic, p^iratory, digestive, excretory, endocrine, skeletal, reproductive, 
and integumentary systems. When the organ systems ^are morphologically integrated and physio- 
logic;^lly coordinated, that is an organism. 
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,BeIow ar^lists of the organs' in a few systems. . 

a. • * 

Integumentary System - , , ^ Circulatory Systenf, 



Skin 
Nails 
Teeth 
Hair 



Respiratory System 

External nares 
Nasal cavity 

P^rynx ^ * 

Larynx 

Trachea 

Bronchi and Bronchioles 

leading.to alveoli in the 
Lobes of the lung 



Excretory System 

Lungs (part of the respiratory system) 
Sweat glands (part pf integument) 
Urinary system 

'Large.intestine (digestiveusyst^m) 

Reproductive System (Female) 
Ovaries 

Fallopian tub^s (oviducts) 
Uterus (womb) 
Vagina 

Vulva (jexternal folds) 



\ 



Fetus :^ 

Unibilical arteries and vein to the placenta 
Heart ) , ^ 
Aorta and other arteries 
Superioiiand Inferior vena cava and other veihs^ 
^Capillaries , ' . % 

Digestive System 

Mouth (buccal cavi^) 
Pharynx 
Esophagus 
Stomach 

Small intestine*With its glands, " ^ 

' tfie liver and pancreas 
Ijja^e intestine with 
C^cum and Vermiform Appendix 

/near fts beginning 

Rect^ ^ . < » 
Aous * ' * ^ 



Urinary System 

'Kidneys ' . 
Ureters ^ 
Urirtary bladder 
I ^ . Urethra (to the outside) 

Reproductive Sysfem (Male) , • 

Testes (in a scrotum ini3otne mammals) 
Epididymis 

Ductus deferens leading past 

s6t1iinal vesicles to the 
^fbstate gland 
Urethra through the penis 

(external igenital organ) 



Reference. Humphtey, D..G., H. van Dyke and D. L. Wilhs. 1969. Life in the Laboratory (Shorter Edition) New 
' ' .Yoric, Harcourt, Brace & World. 209 pages. Pages 101-rl32. ' 
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REBORT SHEET FOR EXERCISE 19 



Dissection of the Fetal Pig^ . ' , . > 

1 What structures ar^r seen in the fetaf^jg that are not present in the adult? Relate these ^ructOres 
to prena^atfunction. * ' ' • , 

' • -t , - . . • • • 

2 • After identifying external anatomical feStures of the pig, compare these features with the human 
body. . . . - .• • . 

3 Pick out the structures yqu have exa'mined that belonjftb ? particular organ system. Are they all 
together' How are these structures related? AVhat funct&nal lignificance is ther6 jn thetr arrange- 
ment, structure, and location? . ^ , ■ " 

4. Trace various pathways fttthe spejjimfen; e.g., ai^, foad, blood, urine^ eggs or sperms." 
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H^uestions courtesy Prof. Murtel E. Taylor, Talladega College. 



EXERCISE 20 - SEXUAjjL REPRODUCTION AND VEGETATIVE REPRODUCTION 
. MWITHOUf RESPECT TO SEX) . . ' 



This exercise contains a number -of parts. You Will probably be asked to do 'one. 
of the. life cycles, but with the permission of . the teacher you may do more than otte.' 

Materials and Equipment . . - , x 

•Microscope and lamp • ^ " ^ ' • . . 

Microscbpe slides and coverslipS * ' . ^ • . 

Living'^ulturps or preserved specim'ens for the cycle(s) you will study 
Dissecting kit .. \ ^' ^ - 

Introduction: Life Cycles? - . . 

.AH living organisms hove come from livirfg, predecessors which in* turn have come from a long 
line of predecessors reaching all the way.back to the first living cell or cells. Repfoduction has been 
tjie overall jerm used for the process whereby the living state is passed on to rtew generations of 
cells and organisms before the parent bod^ dies. Sexual types of reproduction involve the combin- 

1 ing of chro^iosomal factors from two (or more) cells to. form a zygote (yplie). However. ^1 celfs^ 
' have sex», and frequently cells divide without combining with other cells. Therefore, mitos/s io 
single-celled organisms is reproduction of*the individual. Mitosis is also the basis of budding and 
many.other^ forms* of vegetative 'reproduction. This phenomenon has been called **asexuar' for 
years, despite the fact that all cflls have §ex. We, therefore, prefer "vegetative reprocluction** or 
"reproduction wifhftut respetft te sex" for. those form^ that do not involve Ihe. combination of cells. 

^ (sexual'reproduction). Most organisms carry a double set of chro/nosomes (whicfi, generally, do qot 
have identical materials in themXThere are stages in the lives of most oi^anisms when some or all 

' cells have only one set^ of chrdmosomes (iji the germ cells). Since the number is constant for each 
species, und^r normal conditions, we denote the single .set ^ chromosomes as pne genome and 
represent it by the letter n (for basic number), and then call me double (or diploi'd) set 2n, a tnple 
set (triploid) 3n, etc. 

♦ Despite this diversity' only three basic patterns emerge into which we can fit tl\^e reproductive 
ycles of almost'all living^organisms, 

HAPLONTI.C patterns are the most pri^nitive.and ^« the most cqmmon ^mong the simple 
one-cdied organisms making up the Monera and Pgtotists. In this pattern meiosi^ occMrs after 
"fertilization,'' "syngamy," "conjugation" or whate\«|(| term^we apply to^he exchange of genetic 
material. The haploid organisms n\ay reproduce by ^ny of the three basic patterns. 

1?1PL0NTIC patterns-" gametes are produced and sexual reproduction is usual. However, the?e 
organisms ma^f also use the other two patterns on occasion. When sexual reproduction qiodes are 
used,Jhen meiosis precedes fertilization so that the haploid condition only fasts as long as the 

gametes ^re not united. ' ' ' \ 

■> * . * * ' , 

DIPLOHAPLONTIC patterns alternate generation of Tiaploid and djploid individuals.-The dip- 
loid (2n) in<Jividual produces hajploid c^lls ^hich grow into haploid* organisms. These haplotd' 
organisms llien form reproductive cells (garnets) which fuse at fertilization to form diploid form 
individuals again. ' 
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GAMETES 

(n) 

O* 

o 



FERTILIZATION 



ADULT- 



MITOSPORE Q 



ZYGOTE 



■7"m 



(n) 



MEIOSIS 



The Haplonti.c Pattern of Life Cycling • 



/ GAMETES 
(n) 



MITOSPORE O 
(2n) 




FERTILIZATION 



^ ZYGOTE 
O (2n) 



A Diplontic Pattern of Life Cycling 



SPOROPHYTE 
(2n) 



^ If # 
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ZYGOTE 
• «2n) .Q 



FERTILIZATION ^ 

GAMETES O 

(n) 



O SPORANGIUM 
(2n) 



\ 



MEIOSIS 



GAM6T0PHYTE 
tn) 

« 




O MEIOSPORE 
(n) 



A Diplohaplontic Pattern of Life Cycling 

' -1-26 
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Part A. Reproduction in Monera 

1. Bacteria ' ^ 



^ When studied by the light microscope no chromosQmes have been seen in bactena. However, 
nuclear material has been demonstrated by staining an^ "viewing in the lighl microscope and the 
nuclear material is easily identified in the electron microscope. Many heredity charactenstics of 
-bacteria have been mapped genetically so that'the presence of gene linkages is certam and in fact 
loop iyffe chromosomes haA^e been photographed in the process of dividing (viewed with the 
electron microscope). \^ ^ ^ 

Because no mitotic spindle has been seen, orte may^argug that this-js not mitosis but binary 
fission of the nuclear material However^the prctcess of separating the genie matenal into two 
equivalent parts, each going to one of the resultant cells is exactly what happens in mitosis and that 
is what the piocess should be called. / - 



Bacteria of opposite, mating types (maJe-and f&malfe or + and -) may fha^e (called conjugation, 
an old word meaniiig marry) This is accomplished by means of a fine cytoplasmic fendge across 
which the "male'' injects its chromosom.e(s?/The zygote'thus formed is diploid, but soon undergoes 
a meiosis resulting in new haploid cells again.' ■ 




+ 




Reproduction in Bacteria. The conjugation of opposition mating types results in a 2n zygote 
which undergoes meiosis to yield resultant cells of type n'. These (n ) cells show genetic vanation 
because of crossing-over between the chromosome strands. ^ 

2. - Blue-Green Algae ' , ^ . , 

The nuclear material is .not in a single mass^of material but separated into a number of 
granules The protoplasm within the cell may be divided into many spore cells, or spores may be 
formed in a lineaf series at one end of a cell in sporulative typesxsff reproduction. This is referred to 
as fragmentation, bu* that term, is based on now outmoded means of observation. As in baetena, the 
algal filament can also reproduce mitotically. ^ ' * 
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Part B. Reproduction in Protista » • 

I. Algae ^ ' • ^ ^ . 

Spirogyra is a filamentous green alga which microscopic examination shows to have a large 
bpifdl chloroplast. This alga is often paft of the green scum seen at the edges of stagnant pools and 
pondb. The cells divide mitotically dunng the. spring and summer but as the shorter, coolefdays of 
fall approach they begin to conjugate and form zygospores. , • ' 

Examine both living and preserved specimens. Perhaps the instructor may have a series of 
prepared slides with all of the stages on them. Identify all of these stages: 



CONJUGATION TUBE 





ZYGOTE 



Life Cycle of Spirogyra 

* * ' 

2. Protozoa ♦ * . 

Vegetatives reproduction by mitotic (spindle-less) cell division is the principle process for. cell 
reproduction among the Protozoa. However, som^^forms, especially the ciliatesand flagellates, may 
undergo conjugation resulting in genetic trar.sfeh resulting in organisms which may be better 
adapted to their.environment. ' . 

Examine a slide of Paramecium showing cells in conjugation and transverse fission, ' 
^* * * 

3. Fvingi , " . 

Reproduction by -iporulation and . gamete formation is characteristic for the fungi. Study 
material from a cujture or a prepared slide of Rhizopus nigricans, a member of the Class Phycomy- 
cetes. You will notice that the reproductive structures are formed only whjen hyphae of the oppo- 
site mating types are in close associations. . ^ 
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A. Union to Form Mating Pair 

B. Degeneration' of Macronucleu$ » 

C. Micronucleus Divides Twice 

D. Three Micronudei Degenerate 

^ E. Micronudtus Divides to Form Gamete Nudei 

F. Gamete Nudei (n) ere Exdienged 



G. Zygote Nudeus (2n) Formed by Ganwte 

Nudei Fusion ' ^ ' 

H. Macronudeus Formed from Micronudeus 

After Individuals Separate 
t. Eadi Individual Divides*by Meiosis to 
Form Four 4>idividuals (9) 



Qonjugation and Meiosis in the Ciliate, Paramecium 



HYPHAE 
(-) (+)v 





ADULT , , 
FUNGUS H SPORE 
(n) \ j (n) 



\ 1 

\ • (+)* 
(-) 0 

O Sports 



SPORAtJGIUM ZYGOSPORE (2n) 
(n) (-) (+) 



ZYGOTE (2n) 
(-) (+) 




ZYGOSPORE GERMINATION 
AND MEIdSIS 



Life Cycle* of the Uold RMzopus Nigricans 
i < I 

> ^ • 
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4. Yeasts and Other Ascomycetes 

Study a living culture of yeast and note that they can reproduce vegetatively by^budding. 

Study material from the reproductive cycle. Note, the hyphae producing the conic^spores' 
are haptoid. When male (-) and female (+) hyphae are in close association, specialized sex structures 
are formed. The (-) hyphae form a spermatogonium (also called an antheridium), and t|ie (+) 
hyphae form an oogonium (also called ah ascogonium). A fusion of these' two sexual structures 
permits the nuclei from the spermatogonium to enter the oogonium. The two types of nuclei do nut 
fuse at this time. Thus, we' say plasmogamy (cytoplasmic fusion) has occurred but not fertilization * 
(the/usion of male and female nuclei). 

Branch hyphae develop from the oogonia. Each celkof such hyphae contain a male nucleus and 
a female nucleus, which are diploid and thus represent the diplo- phase of the life cycle. Later the 
terminal cell enlarges and the two nuclei fuse (karyogamy). The zygote thus formed undergoes . , 
mejosis resulting in eight haploid ascospores within the sac-like ascus. It is not infrequently seen 
that the hyphae may grow around the ascus to form the finished fruiting body called an ascocarp. 

* 4 * * 

5. Basidiomycetes . * ' • 

The Basidiomycetes include the mushrooms, shelf fungi, the rusts and the smuts of grains. In 
mushrooms the haploid hyphae fuse by plasmogamy to produce diploid hyphae which will in turn 
form the fruiting body or basidiocarp, the mus^om body. The terminal cells (basidia) of'the 
diplqid hyphae arrange themselves on the margins of the gills. Karyogamy occurs, followed by 
meiosis which produces four basidiospores. • ' ' 
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Life Cycle of an Ascomycete Lik6 Neurospdra Crassa 




% Life Cycle Among th^ Mushrooms (Basidiomycetes) 
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REPORT SHEETS FOR EXERCISE 20 



Vegetative and Sexual Reproduction 

Questions raised in the Introduction: ^ \ ^ ' 

fi. How would you describe the number of chromosome^ produced by mUosis in, the juvenile or 
adult forms in these reproductive patterns? ' • . . 

Haplontic ' 

^ Diplontic * . • 
Haplodiplontic ' . 

2. What IS the number pf chromosomes in the cells of the 4dult organisgi reproducmg m the 
Haplontic pattern? 

Diplontic pattern?* . » • 

. • ^ ' ' . . ' * 

3. What IS the number of chrornosomes in the cells'.of these.stages of the diplontic pattern? 

L Sporopbyte \ f - . . ' ^ 

^ Ganmetophyte . • * « 



Identify or define these terms: 

4. Gamete 

5. Fertilization 

# 

» 

6. Haploid 

« 

7. Diploid 

8. Mitosis 



9. Meiosis 



10. Meiqspore^ 



1,32 
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Vegetative aijd Sexual Reproductiorf 



Part 



1. Below is depicted stages in the life cycle of 
which was studied from ' 



specimens. 



(LIVING OR PRESERVED?) 

The haploid stages are indicated by n and the diploid stages by 2n. All stages are named. 



i.a3 ■ 



I 
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Vegetative and Sexual Reproduction ' Part 



In the space below write a report on the ecology, economic importance and reproduction in the 
organisms whose life cycle you studied and depicted on the previous page. ^ 




See what other members of the class found out about th^ life cycfes of other organisms in this 
exercise. 

Answer these general questions. 

1. What are the advantages of vegetative reproduction? / 

*\ 

2. What are the advantages-of sexual reproduction from a biological- point of view? 



1M 
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^ERCISE 21 - REPRODUCTIVE STRUCTURES IN FLOWERING PLANTS 
.(ANGIOSPERMS) 



0 

Materials and Equipment ' ■ - •# 

Sweet potato 

Roots of a sweet potato, plant with young potatoes (deirionstration) 
Sweet potato soaked in water or planted for several weeks 
, Com plants several weeks old with suckers * ' 

Irish potato - . . 

Irish potato soaked or planted for several weeks 
Pots of Hens and Chickens,^trawberry plants or Bermuda grass 
Potted saplings of woody plants 

Sharp knives' " \^ 

Soft paraffin 

Blossoms of lily, and sweet pea . ' ' 

Preserved early ears of corn and preserved (dry) tassel 

Onions *. r , 

Part A. Vegetative Reproduction (Without Respect to Sex) 

1. Natural Vegetative Reproduction ' ^' 

• *■ 

a Rooting of Above-Ground Stems. Some planWysend out stems extending over the 
ground There these take rpot at specific places (where?), sending up leafy shoots and send down 
into the soil a system of roots and rootlets. These stems are called^nners and stolons. 

■ Examine a pot of Hens and Chickens, Strawberry plants or a pot of Bermuda grass. 

b Other plants send out stems underground, sometimes fat considerable disfances. These 
stems are called rhizomes. How do they differ from the roots? ^s was true for the above-ground 
stolons, note that the roots and shoots occur at characteristic poi'nts. 

Examine the root system of an Irish potato plant. Identify rhizomes and roots. Where are the 
potatoes forming? ' ^ *- 

Examine an Irish potato. Look at the eyes with a lens. What is an eye? Sketsh one. True roots 
formed along stems afid in other unusual places (like at the base of leaf petioles) are called 
adventitious. * . , - 

, t Sometimes new plants arise from the true roots of parent plants. Examine the roots of a 
sweet potato plant 'Do you see stolons? Do sweet potatoes have the same kind of eyes as Irish- 
potatoes' Examine under a lens and sketch one. Examine a com plant several weeks old which has 
suckers. Do they arise from the stem or roots? (^) 

d Bulbs and Corms are enlargements -of leaves and stems respectively. Examine an onion - 
bulb. Find the root and radicle. Compare with the corm of gladiolus or of crocus. 

2, Artificial Asexual Reproduction ' / — 

A Washington Elm grows on the Cambridge, Massachusetts common. Some historians of the 
tree say that this one (1970) is a grandchild of the original tree which was (festrbyed in a storm. A 
branch (torn that tree had been rooted to form the second Washington Elm, Which finally suc- 
cumbed, but before it <Jid a cutting was taken 'and rooted to form the present tree. Are these 
different trees. or the same tree? 



135 



■ 2V=? - . 

Many plants ^re propagated by either taking cuttings and rooting them, or by a process called 
•layering" by nurse^, men. This consists in bending a plant over to the ground and co\iering with 
^ 60il. When the ^prouj^af^large enough, the parent stem is cut up and the new plants potted or 
transplanted to the gspwmg field. Such a group of plants derived asexually from a single parent is 
called a clone. \ 



•3. Grafting and Budding 



There are a variety of patterns for Cuttmg^twigs for grafting. The essential thing is to establish 
good contact with the cambium layers of bolfh'lhe 'stock (which receives the graft) and the scion 
(which is the piece grafted on). % ^ * 

a. On a plant label vytite your names and the date. Attach to a stock twig on the sapling. Cut 
the twig off a foot or so from the end. Exchange this piece With another group. 

b. Cut the bottom of the scion into a wedge at the cut end^, 

c. Split the stock so that it will receive the scion. Match up the green layqrs of the cambium. 
Bind the. stock firmly with twine and enclose the cut areas with soft paraffin (Figure I). 

d. Cut under a bud or small twiglet. ' > , , - 

/ • I. , 

e. Make a T-shaped cut in the bark of the stock, ^ . 

. f.. Insert the ..bud into the incision, beijig sure that there is contact between the cambium 
layers of the scion and the stock. * 

"* . . fl . 

g. Bind firmly \vith twine. Apply some soft' paraffin to the cuts prevent too much 

evaporatibn but do not cover the bud (Figure 2). , • ^ ^ 



. .(2) 



B. Bottdm 



A. Scion« Side View 







C. End View D. ClQft in Stock 

Figure I: Cleft ^jating 



Scion inserted in cleft 
and bound with twiAe 



F. Top view of graft 
befojfe-seiling 




A. The bud is cut; out. 

. Somebirkshoiild 
be dibridid from 
the edges of the bud. 



^. A T-shaped cut in the 
''bark of the stock. 




C. Bud inserted in\h« stock. The 
cambium layer is exposed and 
Jn contact with^tJiA^ud piece. 




D. Bound biid graft ready 
1or sealing with paraffin. 



^vigure 2. Budding 



ERIC 



^ 'IP' 



i6b 

Part e.. The Structure of Flowers , . - ^ 

General design^ o'f a flowef is shown in Figure 3. Flowers vary a great deal a^o^whi 
emphasized or repressed. Some will be monecious, that is, having ovjy pistils (piltillate hJwersror 
stamens (staminate.nd,wers) among their reproductive parts. 




fih parts^e 



ANTHER 
FILAMENT 
STIGMA " 




STAMEN 



~ PISTIL 



RECEPTACLE 



Figure Diagram Showing the Parts of a Flower (In General) 
Sagittal Section 



1 Examme^ a IHy and identify of the parts in the diagram. How many of each part are there? 

. How are they arranged? t - - ^ ^ " 

f . ^ y ^ 

1 Examine a flower of the sweet pea. It is very similar to that of the bean but is larger and 
therefore easier to'study. The petals are somewhat mpdified. the standards are the largest, formmg 
the bick of the flower. The wings lie between the standard and the keel. All of these are attached to 

'a receptacle which is within a^calyx made of sepal^. 

. * ^ Remove the keel, revealirfg the reproductive structure beneath (withui) it. Remove the^ stan- 
dard afid'wing petals on one side and sketch the positions of the pistils and stamens m relation to 

* the rest of the flower-. * - f- , 

0' \ , • ' ^ 

examine a fresh br preserved spjecimen of a young ear of com. Identify the stigmas, styles an^ 
ovaries Br the flowers. Where. afS the. petals, ^sepals and stame^is? Look at some silk under the 

• . microscopffe. . . ' i * • . 

Now look over a corn tassel carefully. .Examine one of the pend^ts of the tassel unde/the 
.microscope. Where are the sepals, pistils, stamen's, and petals? 
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Part A. Veget^ive Reproduction 



Sketch of main plant 'Avith stolon" and secondary plant. 



Eye of an Irish potato drawn from magnification 
What part of th^ plant is the Irish potato? 

/ . ■ 



Eye of a sweet {)otato drawn from magnification _ 
What part of the plant is the sweet potatp? ^ 



Sketch a cross section 



Sketch of a cross section 
of the corm of ' 



of ain onion bulb. 

Of what advantae? is it to a flowering plant to be able to reproduce vegetatively 
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. Part B, The Structure of Flowels * 



Diagram of a lily blossom seen from the top, (Label all parts.) 



Sweet pea blos^jn sketched from the side after removing petals from one side. (Isabel all parts.). 



\ 



r 



Flowers of the female Com plant. Mal^ 
What is meant by mon^cious and dioecious? 
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EXERCISE 22 - SEED AND FRUIT PRODUCTION FN FLOWERING%PLANTS 

The flower forms on the sporophyte in the life cycle of flowering plants. The "spores" 
produced are the female megaspore, which will give rise to thp female gametophyte, and the male 
microspores, which develop in the microsporangia of the anther. The spore mother cells are diploid, 
but undergo meiosis to yield foiu- haploid cells* (as in animals). In the case of the male, the four 
microspores formed stay groupeck together in a tetrad. It takes one more division to convert 
microspores into poUen'grains. Each of the four spores in the tetrad undergo^a nuclear division (not 
cytoplasmic) resulting in two nuclei in each cell.* These are differentiated so that one becomes the 
generative cell (sperm nucleus) and the other will became the cell which will extend from the top of 
^ the stigma on the pistil down into the ovule oT the female gametophyte. The sperm nucleus divides 
once to form two gamete nuclei. 

* In the female partXovule) the megaspore mother cell undergoes mejosis without cytoplasmic 

division, yielding four nuclei in a line. Three of these disintegrate-the one furthest from the 
micropyle and nearest the source of nourishment survives. The megaspore then divides 3 times to 
form the eml?ryo sac, with 2 groups of 4 nUclei.^One of each group, the polar nuclei, migrate to the 
center of the sac, and one, near the micropyle, becomes the egg. The rest of the nuclei become 
functionless., 

When the pollen tube enters the micropyle, it releases its two sperm nuclei. One of these 
combines with the egg cell nucleus to fi^rm the zygote and the other fuses with the two pol^r nudei 
in the center of the sac to form the triploid nucleus of the primary endosperm cell. Th.us, in flowers 
tiiere is double fertilization resulting in a. diploid zygote of the next sporophyte generation and the 
Iriploid endosperm cell for gathering food to feed the embryo during its early growth from seed. 
The lorms of the matured ov^ry and its protective^tw^^ supplies which constitute the 

seeds and other parts ^^he-fruitwrshall inquire into in this exercise. 

• Part A. Germination of Pollen Grafns 

Materials and Equipment ' ^ 

A supply of pollen or flowers with ripe .anthers , - 

10%, 20%^ 30%, 40%, and 50% f weight/weight) solutions of sucrose, glucose or honey (abouJUlO ml. 
for the class) 

5%, i6% and 20% sodium chloride solutions ^ 
Indoleacetic acid ( 1 00 mg./ 100 ml.) * 
Gibberellic acid (100 mg./l^O ml.) 
Pasteur pipettes 

Microscope slides and coverglasses » 

Petrolatum (e.g.. Vaseline) warmed just to melting on a controlled heat hot plate 

Small camel hair brushes (like used foj handling fruit flies) * ' ' 

Microscope and lamp $ 

Wax pencil ' ^ , » 

Procedure 

1. Label 18 microscope slides 1 to 18 with wax pencil! ^ 

2. Add a few pollen grains to the center of eadh slide. 

3. Using a separate Pasteur pipette for each solution, add a small drop of liquid tcyeach slide. For 
comparisons with the rest of the class use this series below. Remember, vvhere 2 drops of different 
solutions are used the concentrations ^re halved. 



SLIDE 



SOLUTION ADDED 
TO POLkSr* 



SLIDE 



SOLUTION'ADOED 
TO POLLEN 



SOLUTION ADDED 
SLIDE TO POLLER' 



1 

2. 

3 

4 

5 

6 



water 

10% sugar* 
20% sugar 
* 30% sugar 
40% sugar 
50%-5ugkf.. 



^ water + hormone* , 13 

? ^ 10% sugar + hormone 14 

9 20% sugar + hormone 15 

10 . 30% sugaV + hormone 16 

1 1 40%-«ugar + hormone 1 7 

12 50% sugar +'hormone. 18 



• 5^0 salt . 
10% salt 
20% salt 
5% salt + hormone 
10% salt + homfcne 
20% salt + hormone 



*'*As assigned by tjie instructor 



Note'^^^cause NaCl dissociates, it will provide almost twice as many particlesvih solution, as the 
same amoty^t of sugar and therefore 5% NaCi will approximate 10% sugar, 20% NaCI appiioximates 
• the osmotic activity of 40% sugar, etc. ^ i ' > 

4> Mix the material on each slide with the end of a fresh toothpick or' piece of applicator stick. 
Cover with a coverglass and seal by applying melted petrolatum to (lite edges of the coverglas$ ujsmg 
a camel .hair brush. Check all of, the slides under high power of the microscope at this time and from 
time to time during the laboratory period. - * ^ ' ^ • 

Part B. The Kinds of Fruits ^ 



Inspect the types available in the laboratory and <x)mplete the^roper Report Sheet. 
1. Simple Fruits - • -^ 

a. Simple Dry Fruits b.* pimple Flesh Fruits 



TYPE 



FRUIT OF 



TYPE- 



FRUIT OF 



Follicle 
Capsule 

Legume (Pod) 

Achene 



Grain 



Samara 
Nuts 



Milkweed 
"Okra 
Cotton 
Bean 

(3reen Pea 
Dandelion 
Sunffower 
Stra.wberry 
Com 
■ Wheat 

Ash, Elm or Maple 
Acorn 

English walnut (with brachts) 
Black walnut (with brachts) 



Berry 



Drupe 

Fibrous Drupe 
Pome 



Tomato 

Banana 

Avocado* 

Eggplant 

Peach 

Plum 

Coconut 

Apple 

Quince 



2. Aggregate Fruits 
Drupelets 

Aggregate- 
accessory 



Raspberry 

(receptacle usually dry) 
Blackberry (receptacle becomes ' 
fleshy supporting the drupeletpj^^ 
Strawberry (receptacle becomes 
fleshy supporting-achcneSJ ^ 

141 . 



*3. Multiple Fruits ' 

Pineapple 
Osage Orange - 
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REPORT SHEETS FOR EXERCISE 22 " 



P^rt A. Gennination of Pollen 
GERMINATION OF THE POLLEN GRAINS (fF—l 



.AFTER. 



JAINUTES IN VARIOUS MEDIA 



Slide . ' Approximate % 
No. < Germination 



Tube 
Growth* 



Slide Approximate % 
No. Germination 



Tube 
Growth* 



1 

2 
3 
4 
5 
6 
7 
8 
9 

10. 



11 

■12 
13 
14 

16 

n 

'18' 



* 0 = none; + = emerging; ++ = 'some growth; +++ = much growth ^ 

" * '■ ' . . • » 

1. 'Is this pollen highly selective oi its germinating medium? 

2. Does it appear that germination is a function of water (hydration) or of dehydration (exosmosis) 
3r Interpret the results that, you obtained in this experiment. ^ 
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Part B, The Kinds of Fruits 

f 

I. a. Simple Dry Fruits 
TYPE FRUIT OF 



Follicle 
Capsule 



Milkweed 

Okra 

Cotton 



DEHISCENT? HOW SPREAD? 



Follicle Milkweed 

- • "Okra 
Capsule .Cofton 
Legume (Pod) Bean 

Green Pea 
Achene " ' - Dandelion 

Sunflower 

Strawberry 
Gr^n - Com 

Wheat 

Samara Ash, Elm or M&ple 

Nuts - Acorn 

English Walnut 
Black Walnut 

1. b. Simple Fleshy Fruits / 

Betfy • tomato 
Banana 
Avocado - 
^ ' ' Eggplant 

Drupe Peach 
Plum 

Fibrous Drupe Coconut 
Pome C Apple 

Quince 

2. Aggregate Fruits 

Drupelets Raspberry 
Aggregate- Blackberry 
accessory ^ Strawberry • 

3. Multiple Fruits ^ . . 

Pineapple 
Osage Orange 



What part is^mainly eaten? (Check) 



PLACENTA 



PERICARP 



ENDOCARP 



MESOCARP 



EXOCARP 



What part is mainly eaten? (Check) 



PERICARP 


RECEPTACLE ' 






« 
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EXERCISE 23 - MONOCOT AND DICOT SEEDS. SEEDLINGS AND LEAVES 

<L . ^ » 



Materia} and Equipment 

• > * 

Hand lens or dissecting microscope , * 

Bean and com see^is soaked overnight _ 

Bean and com seedlings (S^eds are placed between cotton and the sides of a jar. The .cotton is wet 
and watered daily and the jar is kept in a dark cabinet for -a few days. After the seedlings .have 
developed leaves they may be left in the light. - 

Prepared slide of mbnocdt and dicot leaf cross, sections 



Part A. Seeds (Combinfed with Report Sheet) 

1 . Examine a com seed that has been soaked for 
about 24 hours. On one side note the region of the^ 
embryo indicated by a whitish scar and just above 
it the wKnkled silk scar. The seed had been at- 
tached to the cob by its hilum. The outer covering 
is callpd the testa, or fruit coat. 

2. With a sharp scafpel or razor blade cut the seed 
longitudinally through the region of the embryo. 
Note that the starchy endosperm can be divided 
into the soft inner starch endosfJerm and the outer ' 
yjellowish horny endosperm. 

3. The single cotyledon of the seed lies between 
the endosperm and the embryo. The upper part of 
the embryo or epicotyl consists of the plumule and^^t 
coleoptile (or plumule sheath). The lower part .or 
liyppcotyl contains the radicle with its root cap. 

4. Draw this sagittal section through the seed in 
the space^at thj right. Label the parts. 



5. Examine a bean seed that has been-soaked over- 
night. On-oj^e si^e-note the hilum arrd near it the 
minute opemng called the micropyle. On the side- 
of the hilum opposite 'the micropyle find the 
chalaza, a small protuberance where the various 
.integu^nents meet to form the seed.coat. 

6. Remove the testa with a scalpel or needle. Be- 
neath the hilum note the pointed radicle. Separate 
the'two halves (each a cotyledon or seed leaO and ' 
examine with a lens, tn the embiyo note the 
plumule which already contains veined leaves, and 
the radicle. ^ * _ 

7. Draw the half of the seed containing the 
embryo in the space at the right. 
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PartB. Seedlings 

1 . Examine a . com seedling which has been 
allowed .to sprout and groV in cotton. Remove the 
cotton. 

2. Observe the young root with its root hairs, the 
young shoot, the cotyledons and the l^^ves. 

3. Draw the seedling in the space at the^right. 



4. Examine a bean seedling which has been 
allowed tOL^ilrput and grow Against the side of a 
jar, held in pL/ce by Cotton. Remove the cotton. 

5. Observe the young roof^otii its root hairs, the 
cotyledons and the young shooT.^ 



6. Draw the seecfeg in the space at the right. 

— • 

- Parte, ^ves '1 

1. Draw -.-a leaf- of the com .seedling, paying 
attention to the pattern of the veins. 



'2. Draw a leaf from a dicotyledonous plant, suclv 
as the bean. Identify the margin, veins, lamina and 
petiole. 



Part'D. Leaf Cross-sections 

1. Study a prepared "slide of cros§ sections through 
a monocot leaf. Make a drawing through a portion 
showing a Vascular bundle and if possible a stoma. 
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2. Make a drawing of a^icot leaf including a vas- 
cular bundle and if possible a stoma. Label the 
cuticle, upper epidermis, palisade cells, air spaces, 
spongy lay^r, a vein containing xylem and phloem, 
and the lower epidermis. * 
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EXERCISE 24 - HISTOLOGICAL STUDY OF THE FEMALE REPRODUCTIVE SYSTEM 



Materials and Equipment • _ • , ' 

Microscope and lamp 

Immersion oil and lens paper ' ' ^ 

Prepared slides of the following: 

RTat, mouse, rabbit or human ovary 

Oviduct 

Uterus 

Introduction > 

The female genital system includes the ovaries, oviducts, the uterus with its cervix (neck), 
vagina (sheath) and some external folds, the vulva. The ovogonia develop in the ovary within a 
group of granular cells, the granulosa/In its early stages as a "primordial follicle" growth does not 
depend upon pituitary gonadotropins. When an ovogonium becomes privileged to develop (primary 
ovocyte), LH from the anterior pituitary gland acts to start the antrum of the Graafian follicle, after 
which FSH takes over the growth-stimulation. When the follicle is large and the antrum filled with 
fluid, the process of luteinization begins under the influence of LH. The conversion of the granulosa 
cells which secrete estrogens (particularly estradiol, and estrone) to their luteinized form makes 
them responsive to a third pituitary hormone, luteotrophin or prolactin, which then causes these 
cells to secrete progesterone, a hormone needed for the maintenance of pregnancy. The estrogens 
bring about growth of the reproductive tubes, which have been captured ifrom the urinary system. 
Follo^jing ovulation, which occurs accidentally during luteinization of the follicle, the progesterone 
converts the enlarged tubes into a suitable environment for ihe development of embryps. If preg- 
nancy does not occur, the mucosa will return to the estrogenized state except ampifg the higher 
primates and women where the mucosa breaks down due to the withdrawal ofjiormon^rl §.upport, 
and becomes quite thin before being again stim^lated to growth by estrogeni^ormones secreted by 
new, developing Graafian follicles. This cycle of events, which is char/ctejj>&ed by estrus or "heat" at 
ovulation time among the lower mammals, is called an estrous cycle^d lasts about 5 days in rats 
and .mice, 16^ days in guinea pigs, 3 weeks for sneep and swine. Rabbits will remain in almost 
"constant estfus" until mating occurs due to thel consecutive maturation of follicles, but most 
domestic animals - horses, cows, dogs and cats, will have a i^eek cycle about every 6 months. Since 
the breakdown of the mucosa in the higher primates Jt^a^^companied by bleeding, and since there are 
no periods of "heat," the sex cycle is dated from th|pnset of menstruation (bleeding) and is called 
a menstrual cycle. This lasts about 27 to 32 days ij/)^^acaque monkeys and in worilen and about 35 
days in baboons. In this exercise we will ltud^ s gft^e organs of the female reproductive tract as they 
pass through a non-pregnaat cycle. ' ^ * 

Procedure 

A. The Ovary 

u • 

The ovary in rats and mice are small, mulberry-shaped bodies3;^jnm. in diameter. The ovaries 
of the rabbit are elongated organs, about 5 by 10-15 mm. The^human ovary is about the siie and 
shape of a large almond -about 1.5 to 3.0 cm. in width and 2.S to 5.0 cm. in length. Study a section 
of an ovary arid observe these structures: ^ ♦ 

1. Germinal^epitheiium, The free surface of the embryonic ovary Is covered by cuboidal 
epithelium, which# becomes thinner with age so that it is stretched thin or absent in the adult. 
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, 2. Cortex and medulla. The ovary is divided into a medulla and a cortex o{ connective 
tissue, developing and mature follicles, corpora lutea and interstitial tissue which is probably 
the residue of atretic follicles, and blood ves^ls. The cortex is divided from the mner medulla 
by a thin layer of condensed connective tissue, the tunica albuginea. Beneath this lies a few 
coiled tubules of the rete ovarii, a vestige of its connection with the embryonic^esonephros. 

3. Follicles, Make a drawing of a primordial follicle, a primary^follicle and a mature 
Graafian follicle. 

a. A primordial follicle has an ovogonium at its center. This is characterized by a large 
nucleus, usually eccentrically located. The germ cell is surrounded by a \ayQT of granular 
cells ranging from flattened to columnar in height and is bounded on the outside by a 
basement membrane, separating the follicle from the interstitial connective tissue, 

^ f b A primary follicle will have between 15 and 20 layers of granulosa cells and a small 
cleft^ithin the granulosa, the antrum. The ovocyte is separated from the g-anulosa by a 
n^rfi^cellular zona pellucida. Beyond the basement membrane of the granulosa the sur- 
rotinding 'interstitial stroma has become organized into an investing layer, the theca 
folliculi which is richly supplied with blood vessels, 

c. The mature Graafian follicle is much larger tha'n a primary follicle. The antrum is 
•filled mth fotiicular liquor^ The granulosa rs heaped up around the ovocyte to form the 
cumulus oop'horus which may be vacuolated across its base. Beyond* the basement 
membrane the theca is divided into two parts, the more definite theca interna^and the 
outer, more loosely organized theca externa. These two layers kre separated by a sttatum 
of bloo^ vessels. It is the theca interna that, under the influence of FSH, secretes 
estrogens that are carried by the blgod but also accumulate in the follicular liquor. 

" 4. Corpora lutea. Following the action of LH, the granulosa^ cells become swollen and 
epithelioid and are pushed into the old antrum by infoldings of the theca interna. Thus, two 
types of lutein cells are distinguished, thecal lutein cells and true lutein cells developed from 
the granulosa. Many blood vessels are to be seen in the corpus luteum parenchyma. The corpus, 
luteum is then bounded by the old theca externa. In rat and mouse ovaries the corpora lutea 
' prcytrude from the ovarian surface while in the ovaries of rabbits and women they are con- 
tained within the body of the gland. 

B. The Oviduct (F^lopian Tube) 

The oviduct receives the ovulated egg either directly froln the ovary or from the body cavity. 
In rodents the ovary is uSMally surrounded by a periovarial sac to reduce the ch|pce of fertihz^ 
eggs getting lost in the peritoneum. It is a much-coiled tubule which will stoi;^e qyym for 4 to 
5 days before permitting it into the uterus. Dujing thi^ time the uterine lining is becoming more 
glandular in preparation for the blastocyst. If the egg was fertilized, it will enter and implant, if it 
was not it will die and be reabsorbed before the tubo-uterine sphincter opens under the influence of 
this prdlonged progestational stimulation. Look for the ciliated columnar or ciliated pseudo- 
stratified columnar epithelium lining /he lumen. * 

C The Uterus - \ • 

- - * 

The uterus consists of an endometrium^ or mucosa containing endometrial glands, and a 
myometrium, consisting of an inner circular and an outer longitudinal muscularis. The wjiole is 
\)ounded on the outside by a serosa. The height of the endometrium and the state of its glands 
depends upon the stage of the sex cycle. Estrogens increase the height of the endometrium but leave 
the glands relatively straight. Under the influence of progesterone, the grown-up epithelium docs 
not grow much more, but the glands become highly coiled and distended with secretion. 
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HistQiogical Study of the Female Reproductive System 



3a. A primordial follicle in the ovary of a _^ 
Drayn from study at a magnification of 



_1_X 



Q 



3b, A primary follicle in. the ovary of a ' 

Drawn from study at a magnification of ^ 



/ 
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3c^ A mature Graafian foUfcle in the ovary of a 



Drawn from study at a magnificatio 



EXERCISE 25 - HISTOLOGICAL STUDY OF THE UfALE REPRODUCTIVE SYSTEM 



Materials and Equipment j/ , ^• 

'Microscope and Lamp \f. *^ ^ • - 

Lens paper ;and immersion oil 
Prepared glides of the followirtg: . 4 , 

Mammalian testis, Ductus deferens, seminal vesicle and prostate gland 

Procedure ^ 

. The testes, epididymjs^ ductus deferens, urethra, and penis, together with their associated 
glands and other structures make up the male reproductive system. 

A:. .;$he'Testi5 - ^ ' . ' • . 

The t^estes are the paired gonads of the male and in most mammals th^y are suspended in an 
extension of the pariton^l cavity^ the cavita serosa or male vagina. This^cailty is lined by a serous 
membrane forming the tunica albuginea.on the testicular side and'the tifnica vaginalis propria next 
to the- muscular wall of the scrotal. sac. In mammals the testes are miJ^ed glands, the exocrine 
portion IS cytogenic'and'"secretes^' gametes (sperm) and the endocrine portion secretes androgenic 
hormofjes, chiefly testosterone. * / - - , 

ly General Stmcture, Study a crosl'section.of the testis (slide No. ). Note that the gland is 
surrounded by a v^lmi^connective tissue capsule, the tunica albuginea. Within this capsule cross 
sfectioivs of the cc^bund Ramifications of the seminiferous tubules^xt seen and between these 
tubules there dh^ numerous, blood vessels and the epithelioid cells of the interstitial tissue 
f(Leydig cells). /TJie tubules are almost filled by the com0e\ senjiniferovs epitheiium^v^hicH 
rests on Si distir^t basement mem ^ /* * 1 

Drdw in onfline 3 or 4 tubules next to tl^e tunica albygirxea, indicating the lumina and 
basement membranes but omitting the details of the seminiferous epithelium. Make'^your 
drawing large enough so that the details of the interstitial cells can be cleariy shown. The 
interstitial cells respond to the luteinizing .hormone (LH) of the anterior pituitary gland by 
secreting androgens (mafe sex hormones) and a few other ^te<i)ids in smaller acpount^. Notp 
that the blood vess^s tend to course through the interstitial tisstie rather than nex^ to the 
^basbment membranes. Why? * * • . , 

"2, Tubular .Sfructure, Study §evefal tubules uQdej: high p6wer or under oil iinmersion. 
Select a tubul^ which shoWs a variety of cell types in the seminiferous epithelium. Draw^a 
section from the lumen to the basement membrane. The most basal layer will contain two 
types of celkvThe spt^rmatogonia are small cells with deep-staining nuclei. The Sertoli (susten- 
tacular) cell nuclei are usually tnangular or irregularly shaped, light-staining, vesicular bodies 
with the cytoplasmic pprtion of, the cell extending to or near the liimen. The cytoplasmic 
portion of the Sertoli cells are easily seen in those tubule sections where most of the sperm 
have matured and have been released. In the second layer of the s^n^iniferOus epithelium the 
primary spermatocytes have uniiergone their growth phase and are about twice the size of 
spermatogonia. The nuclei are large and in various stages of prophase. The next layers of the 
epithelium will have perhaps only one or tworx)f the following cell types, dividing /7rm2ar>' 
spermatocytes, secondary spermatocytes (which are about the size of the spermatogonia) and 
. spermatids (which have vesicular, skpherical, pale-staining nuclei and a. distinct centriole) and 
metamorphosing.spermia and matured sperm attached tp Sertoli cells. The tails of the fnature 
spermia are seen'as whoriing masses of filamerits in the tUbule lumeoa. What is the "spermato- 
.genie wave"? ^ * * - 
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B. The Ductus Deferens (Vas Deferens) 

Study a' cross section of the' ductus deferens (slide No. ). Note that its mucosa consists of 
pseudostratified columnar epithelium which may have ^stereocilia and is thrown mto longitudinal 
folds. Beneath -the distinct basement membrane is a thin lamina propria of elastic tissue. The 
muscutaris consists of three layers, an internal longitudinal layer, a thick middle circular layer, and 
an external longitudinal layer (compare with the lower ureter). The adventitia consists of connective 
tissue with accompanying blood vessels and nerves. Make an outline drawing of the ductus deferens 
and label the layers. 

? ' ' ' 

/ ' C. The Seminal Vesicles 

/ These organs are evaginations of the ductus deferens although their organization differs slightly 
•from the ductus deferens. They are elongate structures with a mucosa that branches and anasto- 
moses so that it contains a number of acini or pockets. 
:. - • c 

Study i frontal section through the seminal vesicles (slide No; ). Note the connective tissue 
capsule whkh envelopes the musculo-connective tissue which is made up of smooth muscle, 
reticular cells and dense connective tissue. There is no muscularis mucosae separating the musculo- 
connective tissue and the lamina propria, but the latter tissue can be distinguished because it stains 
, more deeply and is filled with a prolific capillary network. There is no basement membrane under 
the epithelium, only a felt-work of connective' tissue fibers. The epithelium 4s of the simple 
coluhinar type in rodents but is pseudostratified in man and may even be ciliated. Hematoxylin and 
eosin preparations show "^secretion granules" in the cytoplasm. The height of the epithelium and 
the nurhbeT- of secretion granules depend upon the functional state of the seminal vesicles as 
regulated-by hormones from the testes and adrenal glands. Draw 2 or 3 epithelial cells Showing all 
details. - . 

D. The Prostate Gland ■ 

Study a section through the ventral prostate of the rat (slide No. ). Note that this is a 
.compound tubular type gland. The tubules are embedded in areolar connective tissue which con- 
tains a number of Mast cells. The glandular portion of the epithelium is formed as secretory alveoh 
in the peripheral part (cortex) of the gland. The^e alveoli are continuous with the secretory ducts 
which have low cuboidal epithelium and are rather straight. In prostate tissue from hiiddle-aged men 
one can,see concretions occluding the lumens. Lamination of these concretions (corpora amylacea) 
IS not -always evident in sections. They are .not observed in rat material. Draw an alveolfft with some . 
of i(s surrounding connective tissue. '■ ^ 
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•r^is^olo^cal Study of the Male Reprodactive System 



v.: 



.1, Interstitial cells between the tubules of the testis of the _ 
Drawn from study at a magnification of X * 



-J 



2. The germinal epithelium showing the development of spermatozoa from spermatogonia as 



studied in the testis of 

Drawn from a magnification of 
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EXERCISE 26 - RESPONSE OF ANIMALS TO PREGNANCY URINE HORMONE 



Pregnancy Tests 

. *»- « 

Materials and Equipment - 

Pregnancy urine (preferably from the 4th to the 12th week of gestation) 

Urinometer (for determitiing specific gravity) ' 

20%HC1 

.04% Bromcresol green indicator dye , ^ * . 

Kaolin (acid washed) ... 

.INNaOH ' - . ' * 

.5% Phenolphtha{ein 
1% eosin blue or yellow 
4% aniline blue 

Citrate-phosphate buffer, pH 7.2 V 
pHydrion paper ' * - . 

.V * 

Cutler's^ Method for Concentrating Pregnancy Urine Hormone (PU) 

Use 100 ml. of normal urine of pregnancy (sp. gr. ApiQ) or 50 ml if*the specific gravity is 
1.015 or higher diluted to jOO ml. Acidify to pH 4 using r)% HCl with 0.04% bromcresol green as 
an indicator Then add 5 cc. of a 20% water suspension of kaojin that has^been acid washed. (See 
Hawk and Gergeim, 1 1 th ed., pg. 263, Practical Physiol Ghent. ) ^ * 

$hake and place in the cold room for 30 minutes or until the kaolin has settled down to 15 to 
20 ml , then siphon off the supernatant. Redistribute the packed kaolin in 5 cc. of N/IO NaOH. 
Allow to settle. Decant supernatant and make pink with a drop of 0.5% alcoholic phenolphthalem> 
Neutralize with 20% HCl. ^ ^ . ^ 

Inject 1 cc. into the dorsal lymph sac of R. pipiens. In case the patient may be in menopause, 
use ,rabbit or African frog (Xenopus laevis), or 2Yl cc. of whole urine injected into R, pipiens at 
hourly intervals. * ^ 

Male frogs will usually release spermatozoa' with this preparation in 30 to 120 minutes. 

Vital Staining of Spermatozoa' ^ 

Various concentrations of dyes and buffers at different pHs were tested by Shaffer and 
Almquist with the following giving the most satisfactory results for distingufehing live and dead 
spermatozoa in bull -semen: * ^. 

1% eosin blue (or yellow) ' - y 

4% aniline blue " # • 

Citrate-phosphate buffer, pH 7:2 

This has not be^n modified for use with wet frog smears. Perhaps 2 drops of buffer a^d 1 drop 
each of the stains, mixed on the slide and air-dried will give satisfactory results. . 

Reference: 

Shaffer, H. E. and J. 0. Almquist. Joum. Dairy Sci. 31. (8). 677-^78, 1948, p. 36 (abstracted in Section III, 
Exccrpta Mcdica 3 (9): 362, No. 1400, 1949) 



I 



Cutler, J. N., Jdur. Lab. and Clinical Med., 34:544-559, 1949. 
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Procedure . ' / • 

Aschheim-Zondek Test - AZ Test: 

The method employs the high titre o^'LH"- really Chorionic Gonadotropin, "PlT'-pTesent m 
pregnancy urine The ovaries of immature mice are ordinarily small and quiescent, but under the 
^ stimulation of PU they ovulate and develop corpora hemmorrhagica and/or corpora lutea. A posi- 
tive is obtained when a single corpus or more is discovered. ^ ' ^ 

Method is as follow,s:\ . . • 

1 Take a morning -sample of urine and add one drop of Toluene per 30 ml. of urine^ Acidify 
slightly with a few drops of 10% acetic acid. Store in cold room when not in use. HoweVer, it is 
better to elimio^te toxins usjng the method of Cutler (above). 

2 Use 6 immature white mice ( 10 grams body weight) for each urine sample to be tested. The mice 
are used only once.* '» • 

3 Inject twife a day for three days via the subcutaneous (s/c) route according to this modification. 

" Mouse/l and 2 uninjected controls ' 
' Mouse 3-inject 0.2 ml. urine s/c 2X daily for 3 days . * 

Mouse 4-inject 0.25 ml. * 

Mouse 5— inject 0.3 ml. * 
Mouse 6-injefft 0.4 ml. . 

4 Kill all mice and examine the ovaries under the dissecting microscope for corpora 96 hours (fouy 
days) after ^he first injection. 

5. A single corpus means a positive result. Record the results in your notebook. Pay particular 
attention to the color bf the ovaries as compared to the controls. 

Rana^Ripi^ns Test: ) 

Mammalian gonadotropins have been demonstrated fo affect the r€y)roductive systems of 
amphibia. The induction of speijnatogenesis (rather release of sperm) by chorionic gonadotropins is 
used for a. positive diagnosis of pregnancy. It is to be noted that seasonal effects are important, for 
the frog test does not work accurately in the late summer months. We shall use the method of 
Robfiijjis: 

1. Filter an aliquot of morning urine. No other treatment is necessary. \ 

2. Take control cloacal vnears of your male frogs'to insure they are not releasing sperm. Smears 
may be read under reduced light m a microscope, or yoju may fix and stain'them with Giemsa stain 

' in the same way you prepacg/ vaginal smears for study^ , 

3. Inject 4 to 5 ml. of urine into the dorsal lymph sac of each of four frogs. Four frogs are u^ed 
today to overcome the possible fatalities due to the toxicity of the urine. Test each sarpple of urine. 
Only one frog is needed if concentratpd%PU is used. 

4. Two hours after the ipjection take cloacal smears and examine them for sperm. 
51 A positive result i3 indicated when sperm are detected. ' ' 

References: • . % ' ^ . 

Foir AZ Test: AschWib, S., and B. Zondek, 1927. Ei und Hormon, Klin. Wchnschr. 6.1321. 
For Rana Pipicns Test Robbms, S. L.'and F. ParkcTr . The use of ihc male North American frog m the diagnosis 

of pregnancy. Endocrinology 42:237 (1948). 
pcncral: Hoffman, J. Femaie Knd(fcrin(/h}(y, p. blO ff. ♦ 
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REPORT SHEET FOR EXERCISE 26 



Pregnancy Tests 



7 . 



Sketch an imnirttiire mouse ovary and one follow ing*ovuIation and corpus luteum formation in the 
mouse. 



Sketch a trog-spermatozoan. 
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EXERCISE 27 - TRANSCRIBING DNA, mRNA AND tRNA TO SEQUENCE A PROTEIN 

/ 

I 

i 

ft 

" ♦ h 

This exercise is provided to help the operator gain skill in thinking about letter substitutions 
(reftfesenting the purme and pyrimidine b^ses in nucleic acids). The base sequences presented are 
.not actual ones but rather have been contrived so that when the alphabetical game equivalent is 
supplied over the amino acid linkages a message is spelled out in English. This, of course, doesn't 
happen in the biochemistry of cells, but rather the amino acid sequence is relevant and meaningful 
in terms of cell function without resorting to translations into English. 

What }S supplied below are the code letters for one DNA strand. Spaced are provided for 
transcnbing the complementary DNA sirand and also the mRNA and tRNA. The amino acids 
associated with these tRNA sequences are given in a table which it may be convenient to cut out 
and placevbefore you. The game alphabetic equivalent is supplied in the same table. , 



How would this work out given the DNA strand sequence/ 





CAC 


ACG 


CAC 


CTG 


ATC 


GTA 


CAA 


ATA 


ACA 


GTA 


Message: 


P 


E 


P 


S 


I 


' N 


0 






N 


Amino acids: 


His 


Thr 


His 


Leu 


lieu 


Val 


Glun 


lieu 


Thr 


Val 


tRNA Nodocs: 


CAC 


ACG 


CAC 


CUG 


AUC 


GUA 


CAA 


'AUA 


ACA 


GUA 


mRNA Codons: 


GUG 


UGC 


GUG 


GAC 


UAG 


CAU 


GUU 


UAU 


■UGU 


CAU 


DNA Strand I: 


CAC 


ACG 


CAC 


CTG 


ATC 


GTA 


CAA 


ATA 


ACA 


GTA 


DNA Strang 2: 


GTG 


TGC 


GTG 


GAC 


TAG 


CAT 


GTT 


TAT 


' TGT 


CAT 
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Nodocs and Alphabetical Game Equivalents of Amino Acids 



AAA* 


Lysi 


A 




GCA 


Ala"* 


L 


UAA 


Space 




AAG 


Lys 


A" 




GCG 


Ala 


L 


UAG 


Comma 




AAC 


Aspn 


B 


• 


<xx: 


Ala 


M 


UAC 


Ty.r Period 


AAU 


Aspn 


B 




GCU 


Ala 


M 


. UAU 


'fyr Question 


AGA 


Are 


C 




GUA 


Val 


N 


UGA 


Try 


U 


AGG 


Arg' 


C 




GUG 


Val 


N 


UGG 


Try 


U 


AGO 


Ser 


n 




GUC 


* 

Val 


N 


' UGC 


Cys 


V 


AGU 


Ser 


D 




GUU 


Val 


N 


UGU 


Cys 


V 


ACA 


Thr 


E 




CAA 


Glun 


0 


UCA 


Ser 


W 


ACG 


Thr 


E 




CAG 


Glun 


0 , 


. , UCG 


Ser' 


W 


ACC 


Thr 


F 


* 


CAC 


His 


P 


UCC 


Ser 


X 


ACU 


Thr 


F 




CAU 


His 


P 


ueu 


Ser . 


X 


ACJA 


lieu 


G 


y 

f 


CGA 


Arc 


Q 


UUA 


Leu 


Y 


AUG 


Met 


H 




CGG 


Arg 


Q 


UUG 


Leu 


Y 


AUG 


Ueu 


I 




CGC 


Arg 


Q 


UUC 


Phe 


7 


AUU 


Ueu 


I 




CGU 


Arg 


Q 


UUU 


Phfe 


z 


GAA 


Glu 


J 




CCA 


Pro 


R 


- 






GAG 


Glu 


J 




CCG 


Pro 


R 








GAC 


A<n 


V 




rrr 


Prn 

* ru 


D 
I\ 









GAU 


Asp 


K 




ecu 


Pro 


R 


4 














CUA- 


Leu 


S 


t 














CUG 


Leu 


S 
















cue 


Leu 


T * 














0 


CUU 


Leu 
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REPORT SHEETS FOR EXERCISE 27 



Strand One DNA Sequences To Be Decoded 

Messag^: ^ 

Amino Acids: 

tRNA. Nodocs: ^ 
mRNA Codonsr 

DNA Strand 1: GCA AAG GAC ACA TAA ATG AAA CTG CTT ACG 
DNA Strand 2: 

Message: 
Amino AQids: 

tRNA Nodocs: . • 

mRNA Codons: ; 

DNA Strand 1: GCA ACA CTT TAA CTC ATG ACG CCC ACG TAA AAT ACA TAA GCA 
DNA Strand 2: 

Message: 
Amino Acids: 

tRNA Nodocs: ^ - 
mRNA Codons: 

DNA Strand 1: ATC ACT ACA TAC 

DNA Strand 2: ' . ' ' * 



Message: 
Amino Acids: . 
tRNA Nodocs; 
mRNA codons: 

DNA Strand 1: GCT AAA GAT ACA TAA CTA CAA GCC ACG TAA 
DNA Strand 2: . 



Message: 

Amino Acids: 

tRNA Nodocs: ^, ' 

mRNA Codons: 

DNA Strand 1: CTG AAG CCT CTG AAG CTA CAC AAA -CCA ATC GCA GCGi AAA TAC 
DNA Strand 2: . 

Message: 
Amino Acids: 

tFJNA Nodocs: ' * " - " 

mRNA Codons: 

DNA Strand 1: GCG ACA CTC TAA TGA CTG TAA GCT AAA CAT ACA TAA TGA CTA 
DNA Strand 2: i 

Message: * ^ " 

Amino Acids: ^ 
tRNA Nodocs: ' ' ' 

■ mRNA Codons: ^ , • 

DNA Strand 1: TAA AAA TAA GCC AAG GTT TAC • J 

DNA Strand 2: . ' . " ^ * 
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Message: . 

, Amino Acids: ^ ^ 

tRNA Nodocs: 
^ mRNA Codons: , * ' 

DNA Strand 1: TCA ATG AAA CTT TAA ATG AAG CTT ATG TAA ATA CAG AGT TAA TCG CCA CAA 
DNA Strand 2: ^ 



Message: 
Amino Acids: 
tRNA Nodocs: 
mRNA Codons: 

DNA Strand 1: TGG ATA ATG CTT TAT 
ONA Strand 2: 



Message: 
Amino Acidsd 
tRNA Nodocs: 
mRNA Codons: 

DNA Strand 1: CTA CTT TGA AGT TTA TAA GTA AAA CTC TGA CCG ACA TAA GTC 
DNA Strand 2: 

Message: '^ 
^ Amino Acids: 

tRNA Nodocs:- ^ 
mRNA Codons: 

DNA Strand f: CAG CTT TAA AAC CAA CAG GAT GTA TAA CAA GTC GCG TTA 
DNA Strand 2: 

Message: 

Amino Acids: ^ 
tRNA Nodocs: 
-mRNA Codons: 

DNA Strand 1: GAC GTT CAA TCG GCG ACG AGC ATA ACA TAA ATT CTG TAA 
DNA Strand 2: 



V. 



Message: 
Amino Apids: 
tRNA Nodocs: 
mRNA Codons: 

DNA Strand 1: CAT CAG TCA ACA CCA TAT 
- DNA Strand 2: 
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EXERCISE 28 - DO ENVIRONMENTAL FACTORS AFFECT THE ACTION OF GENES? 



(An experiment) ^ * 

»^ 

As the procell formed in the primeval oceans, all of its parts were in direct contact with the 
environment. Then came the invention and application of the cell membrane, which separated 
more-or less the inside from the outside. However, we observe evidence which leads us to belieVe 
that the conditions under which the living state is maintained are not very much different from 
what they were in the "beginning." The questions raised are concerned with the independence of 
gene action from the environment of the cells. , 

Materials and Equipment (per group of students) 

6 Styrbfoam drinking cups • ^ 

Loam, sand, or vermiculite, autoclaved to kill mold spores* 

Parafilm squares and rubber bands 

1 00 ml. of Gibberellic acid ( 1 00 mg./liter) 

2 Hand atomizers 

20-30 tobacco seeds and 10 seeds each of com and of beans, all from stocks heterozygous for 
albinism . ■ ' 

Preparations 

Punch a hole in the "bottom of each of the cups (about V4 inqh). Place a piece of broken cup 
curved over the hole on the inside to keep soil from spilling out but admitting water. Fill about 3/4 , 
with soil. Cover with Parafilm secured with a rubber band. Place in a tray of water overnight so that 
the rising water will expel large airspaces from the soil.^ 

* 

Procedure 

1. Plant the seeds as follows. Sprinkle tbe tobacco seeds onto the surface pf two pots. Do not 
cover with soil. Recover with parafilm. Label«each pot with your name anjd tobacco. 

2. Use a stick to punch a hole about 14 inch deep in ajcup of soil. In fact, punch 5 holes and.plant a 
com seed in each. Prepare t>yo pots of com. tn a similar way plant two pots of beans. Label with 
your name and the kind of seed. . 

3. Pl^ce one pot of each kind in a tray Abater in a well-lighted place (but not in direct sunlight) 
along with the pots of other members of the class. 

4. Place one pot of each kind in a cabinet or other dari^ened place in a tray of water (along with 
similar pots belonging to other members of the class). 

5. Allow a week to 10 days for germination. Do not let the trays evaporate to dryness during this , 
time. \ ' . ' " > 

6. When the seeds have germinated, count the numbers "of green and albino plants for the whole 
class for those pots grown in the 'light. What is the appearance of pots grown in the dark? 

• * '' # 

7. Remove the plants grown in the dark to the light (but not direct sunlight) for several daysJl5tja.t^,^» 

happens? Cou.nt the ratio of green and albino plants and compare the ratip with plants grown in' the 
light. ■ 

. , " ■ ' 161- ' 
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8 Now divide the pots into two groups, each containing half of the plants grown jn the light and 
half of those grown in the dark and later in the light. Measure the height of your plants in 
centimeters. Designate one group Coijtrols and the other Gibberellic acid. 

• Spray the control group with water from an atomizer. Spray the Gibberellic acid group with 
the Gibberellic acid solution, using a separate atomizer. It will be good to do this at some distance 
from the Control group. Enough solution should be sprayed on to defmitely wet the leaves but 
should not drip off onto the soil. 

9 Measure the plants for the first 4 days and again after 7 days, recording your data each time. As 
plants grow, it may be necessary to place stakes in the pots and tie the plants loosely to them. How 
do the albino plants get along compared with the normal ones? Determine thtf-mean and standard 
error for the measurements you make and compare with others to see whether or not iheir mean ± 
standard error includes your means. Prepare a graph showing the average height and the standard 
error for each kind of plant on the ordinate and the time in days since the first spraying on the 
abscissa (along the bottom). - ' 

\0 Refer to Exercise 1 to refresh your memory about scientific reports. Write a scientific report-on 
the results of these experiments, interpreting your results and stating what conclusions could be ' 
based upon your data. 
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REPORT SHEETS FOR gXERCKE 2$ 

Do Environmental Factors Affec^ "the Action of Genes? . ' 
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Atbino 


Light 


• 




Dark ^ 


r 




Beans 


Green ' 


Light 


f 




Dark 






Albino 


Light 






Dark 


• 




Corn 


Green 


Light 






Dark 






AlbiV 


Light 






Dark 







PLANT 


TREATMENT 


PLANT NQ 


COLOR 


HEIGHT IN CM. Ol!l DAY 


1*. 


2 


3 


4 


5 


Tobacco 


Control 


1 
2 
3 
4 
5 








'« 










Sum 


















Mean 
S- E 
















Gibberellic 


1* , 


1 












« 


acid spray 


2 
3 
4 
5 








'/ 

/ 

i 










Sum 


















Mean 


















S. E. 
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EXERCISE 29 y THE INHERITANCE OF GENETIC TRAITS 



Part A. The Inheritance of Starch and Color in Com Seeds 

The MendeHan principles are known to have wide application among many kinds of organisms. 
Studying inhenifancc in cbtn grains has certam basi^. advantages. One is the speed with which the 
observations can be made^e^ause the grains are held if\ place on the ear of corn and this makes 
xountingpf individuals easy. 

TEach uom grain ort the ear, you will use represents a separate of|'spring^ of aj:ross between the 
.female parent (of which the ear and the com^ob are part) and the male parent, ^hich supplied from 
its tassel ti^e pollen grains that'fertilized the ovules which then grew into the corn grains (se^ds). 

In producing tKese ears, the plant breeder selected parents that were pure-breeding (homo- 
zygous). Two pure strains were crossed and the so€9s/were then produced belonging to the Fj plants 
with each other producing the Fj generation. The second kind of cross inVolved an F| plant and the 
recessive parent plant, producing a backcross generation. 

Procedure • . * ' 

W6rk in teams of three students (one counted and two tabulators). Each team will receive an 

ear of corn. You will not be told whether it is an Fj ear or a backcross ear. This is something you 

h)ust find out. » ' ' • 

• * • 

Caution. Be careful when handling the ears or the^ kernels will become loose and drop out. Do 

not pick the kernels from Ihe ears! 

i» . ' 

Examine the ear of, com. Classify ^he kernels and* record 'phenoty pic characters as follows, 
sjarchy (smooth), sweet (shrunken), waxy,. purple, yellow. ^ ^- - , 

Tabulators sbould record* on a data sheet a column for each type of kernel. To determine 
number of kernels, \he counter shpuld place. a pin in the ear at the beginning of the ro>Y of kernels 
whefe CQunting starts; He shpuld then call off the pl^notypic tjiaracter of each kernel in each row 
until he returns to the* -starting point marked by. the pin. As the characters are called out, the 
tabulators should tally each in the appropriate colujnn on the data sheet. 

Total the nfimber of each type of kernel bn your ear of corn. Calculate the percentage of each 
type. Are the percentages close to any ratio of small whole numbers? If so, what? Is your ear of 
corn an F2 generation or a bacj^cros^ generation? From your tabulations, can you determine the 
pro|?able strain of the F, corn? The probable strain "Df the papent ears? What tr^it is dominant? What 
trait iS recessive? Show with Punnett squares the prol^^ble cross whick produced the progeny 
represented by^your ear of com. Write a de*aV* statement for each o^|^e Mendelian principles 
illustrated*.,/ ' ' 

Part B. Some'Problems in Genetic^ ' q . 

Dominance: Mendel's Law^ . ' * r • * 

. . ^ • V. ' ^ 

1. I In peas, the gene for tallness (T) is dominant to the gene for shortness (t). What offspring 

. phenoty pes -would be expected from the followingprosses, and in whaf.propohions'i 

a. \ heterozygous (Xt) x hetef6zygous; • ^ - 

b. heterozygous X homozygous^ tall; * * * . ' 

c. *' homozygous tall X homozygous short. ^ . * ' . ' 



2. If blue eye color in man is recessive to other colors, could 

a. brown-eyed parents have a'blue;^yed child? 

b. blue-eyed par^ents have a brown-eyed chUd? • *^ ' , 

3 Albinism, the inability to synthesize chlorophyll, is a recessive character in a number of plant 
species. If a tobacco plant known to t)e heterozygous for albinism is self-pollinated and 600 of its 
seeds are subseqj^enUy germinated, , . * 

a. how many seedlings would be expected to be albino? 

b. how many woujd be expe^gted to have the parental geViotype? 

4.^ A man and his wife can both taste phenyl thiourea. They have four children, two of whom are 
unable to taste. What are the parental genotypes? 

The 1:2:1 Phenotypic Ratio J 

5 Construct pedigree diagrams for the following families, giving the possible genotypes for each 
member. Represent males with a square and females with a circle, and write the genotype alongside 
or inside the symbol. ^ 

Example. A man who is a taster has a non-taster wife and they have a tester son and two non-taster 
daughters. 



Tt 



Tt 



<5. 



■ 0 



a, A man and his wife are both tasters and they have two taster sons, a taster daughter, and 
a non-taster daughter. 

b A taster man has a taster son, a non-taster son, and a taster daughter by-his first marriage 
. and two non-taster daughters by his second marriage. His first wife was never tested but his 
second wife was a non-taster, * 

c The daughter of his first marriage subsequently married a non-taster and produced eight 
children, all of whom were tasters, 

Genes^iffecting Visibility . , ' 

^ 6. A farmer crossed his roan* bull with thr?e groups of cows. Cows of Group A were white, cows, 
of Group B were red; ^nd cows of Group C were roan. 

What proportions of the different coat colors would he expect in the offspring of each group 
of cows? i 

7, If the same farmer decided to make his Shorthorn herd exclusively roan coat by sellmg all 
white and red calves would the color of bull he used make any difference, economically? 

<* 

8. When Poggy, a colored male han}5ter, was mated with Zoe, a white female, the ofifspnng were 

all colored. When Zoe was later mated with Prince,- Nyho was colored, some ^ this second htter were 

white. ■ • 
» • ; 

a What might you conclude about the. genotypes of Poggy, Prince, and Zoe with^espect to 
coat color? ' ^ * ' ' - 
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^ b. If an animal of the first litter were to be mated with a colored animal of the second litter, 

^ what offspring i^henotypic ratios might be expected? 

• ' * » 

c. What offspring might be expected froml cross between an animal 9f the fir^t litter and a 
white anjmal from the second litter? 

Observed and Expected Ratios 

9. In an investigation of the nature of length of leg m the domestic fowl the following two crosses 
were made and the numbers of offspring recorded: • * 

, NUMBER OF SHORT Of FSPRING NUMBER OF NORMAL OFFSPRING * 

1 . normal x short leg ' 78 ^ ' 5 1 ♦ 

2. short leg X short leg 55 28 

From these figures what might be concluded about the action of this gene? 

10. Brachyphalangy m man is» a condition m which the middle bone of the fingers is greatly 
shortened and usuall)^ fused to the next bone, with the result* that the fingers appear to have onl> 
two joints. A brachyphdiangic person is he.terozygous for a lethal gene, the homozygous offspring is 
born without digits and with gross skeletal defects which soon cause death. 

a. In a xnarriagCi between a brach>phalangic mtm and a normal woman what proportion of 
their childnSn'would be expected to be brachyphalangic? " ' 

b. Show this diagrammatically. 

^ c. What ratio of branchy phalangic to norrhal children would be exf5ectfed in j» family in^which 
bothparents are brachyphalangic? 

d. ^how this diagrammatically. 

Phehyotypic Ratios Where Both A lleles Show Dominance The 9. J, 3. 1 Ratio 

.11. If a maize plant heterozygous icft the alleles for pigmy and crinkly -leaf (both recessive to 
normal size of plant and normal leaO is self-pollinated and 160 of the seeds are siibsequentl> 
collected and germinated, h6w many would you expect to show 

a. crinkly leaves? 

i b. normal size?, 

c. normal leaves and normal size? 

d. normal leaves and pigmy? 

Fi Genotypic Ratios , ' 

12. In a certain breed of domestic fo(vl, pea comb is dominant to single i.omb, but feather colou 

shows absence of dominance, black feaffiers and white feathers ara,kofnoz>gous» e.g., BB and bb 

respectively, whereas the*heterozygote Bb gives "blue'' feather. ^ * 

« « 

From crosses between birds heterozygous for both alleles, what proportion of the offspring 
would be expected to be * * 

a. pea combed? , 

b. black feathered? 



29-4 

c. 'blue feathered?^ , 

d. pea combed and blue feathered? 



e. single combed antl white? * • • 

13 In Drosophila. curved wing (c) and forked brittle (0 are recessive to the normal or wild type 
wing and bristle shape (expressed as + in each case). Shcfw diagrammatically, the followmg crosses. 

a. +c +f X cc ff; 

b. ++ 4-f X +c ff ; 

C. +C +f X +c ff. ' 

14 What proportion of the offspring from the cross in question 13c would be expected to show 
the wild-type phenotypes for both alleles? 

The Punnett Square ' 

7 

15 In the fowl two pairs of alleles (^r and Pp) regulate the shape of comb. Two cocks, each of 
which has a pea-shaped comb, are mated to five hens as follows: 

Hen Cdrnb Offspring comb ratios 

(A walnut ' 3 walnut: 3 pea: I rose: I single , 

Cock X X (B pea 3 pea: I single v. 

(C • rose 1 walnut: I pea: I rose: I single 

) D single all pea • ^ 

rose all walnut 



. Cock Y X 



What simple genetic explanation accounts for the inheritance of comb shape and what are the 
genotypes of the cocks and hens above? 

16 In peas the gene for round seed (R) is dominant to wrinkled (r), and yellow seed coat (Y) is 
dominant to green (y). Consider a cross between peas heterozygous for both alleles; 



a. what proportion of the seeds produced would be expected to be wrinkled? 

b. what proportion would-be expected to be yellow? 

c. what proportion would be expected^ to contain a homozygous pair of alleles? 
Significance: The Chi-Square Test ^ 

17 In man a recessive genHrSr a severe disease of the blood vessels is heterozygous in about 0.05% 
of the population A man whose brother died from the disease is contemplatmg marriage and 
consults a genetics counselor because he is worried abDut the chances of a child of his having the 
disease. What advice might the counselor give? 

18 If the man in question 17 marries his first cousin what are his chances of havmg a\:hild with 
the disease? ' ^ ; 

19, What is the probability that a family of four children will consist of 

a. four boys? 

b. three bo^Swdnd a giri? ' * 

c. two boys and two girls? 
« 

0. one boy and three girls? 
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e. four gitls? 

What connectioh between this question and the previous one? 

20. When pm\ sweeC peas were self polhnated an4 the seeds were collected and sown, the follow- 
ing flower colors were obtained: 

* • red 3f\; pink 56; white 28. 

Are these results consistent with the hypothesis that pink flo^^ers are heterozygous for a single 
pair of color alleles, Showing absence of dominance? 

Sex Chromosomes 

21. If a sex-linked gene is a recessive lethal, causing death and reabsorption of the embryo at an 
early stage, 

a. - what proportion x>f tlie offspring would be expected to be females? 

b. and what pro^portion of the offspnng would be expected to be carriers of the gene from a 
mating between two mammals, the female of which carries the gene in its heterozygous state? 

22. In cats, a coat color gene is located on the non-homologus portion of the X chromosome. BB 
or B- IS black, bb is yellow, and Bb is tortoiseshell. Are these statements true or false, give the 
reasons. 

(i) A mating of a black 'tom with a yellow tabby could give female tortoiseshell kittens. 

' (jH) The same mating can give male tortoiseshell kittens. 

•(hi) *A yellow male mated with a tortoiseshell female could give black male kittens. 

(iv) The game mating could give black female kittens.. 
If * 

■ » " (V) A tortoiseshell tabby can have tortoiseshell kittens whatever color tomcat she mates with. 

23. A normal.Ai^hted woman .whose father was red-green colorblind married a man with normal 
vision. What ratios of genoty^tes ^d phenbtype^ would be expected among their children? 

Sex Linkage * , ^ 

» 

24. 1^ gene for .the ability to taste PTU is autosomal and dominant to non-tasting. Red/gr^en 
colorblindness is sex-linked and recessive. 

A man and his wife, both of \yhom can taste PTU and have normal vision, have a child who is 
colorblinfi and a non-taster. 

a. WJigt is the child's sex? 

b. What IS the probability (expected occurrence) of this childVphenotype in their children? 

c. What IS the probability that a child -^ill be a taster with, normal vision, like its parents^^ 
' d. What IS, the pVbbability that a child will be a non taster and colorblind, unlike its parents? 
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IS Consider the following pedigree covering three generations of a mammal. The symbol • 
depicts a female showing a certain trait in the phenotype and □ represents a normal male 

- 'o 



1 



6 



i 
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a. Does this show evidence of sex-lipkage? 

b Under what conditions could this pedigree represent the inheritance of a sex-hnked gene? 
c. Can a father and his son both be haemophiliacs? 

Skin Cofor In !\4an ^ ' ' ^ 

26 On the basis of Davenport's findings that skin color in man depends on the pigment genes 
present on two unlinked loci (two pairs of genes), and that white skin can be represented as aaaa or 
a , how would you describe the 

a. , black sj<in genotype? 

. b. mulatto? 

c. dark mulatto? > 

d. light mulatto? 

27. Show, algebraically, the cross between 
a. twb dark-mulatto peopje; 
b/ two light mulattos; 
c. , one mulatto and one dark mulatto. 

For each, show the algebraic expression of their possible offspring genotypes. 

28 a What proportion of the children of a marriage between two light mulatto parents would 
be expected to have white skins? 

b What proportion would be expected to have th^ some colored skins as their parents? 

29 Three.alleles for'the C locus (coat color) in the rabbit are.c (albino), which is recessive to c*" 
(chinchilla coat), which in turn is recessive to C (the allele for full coat color). 

In a randomly mating population of rabbity the following gene frequencies were determined. 

■ C 0.2; ■ ^ • 

■ . c''''0.,6; 

' ' c 0.2. . . • , 

"What propoftiohs of coat color (expressed as percentages) would you expect to find in that 
population? 



30. The tyrannictil overlord of the planet Sirius III decided to improve the breed of his subjects 
and issued a EugeSnical Edict whereby all individuak having more than the customary three digits 
were to be stenlized before they reached sexual maturity. This edict was made when it was found 
that the frequency of Polydactyly in the population was one in sixteen. 

Like all the inhabitants so far discovered m the galaxy these aliens showed a normal Mendelian 
pattern of inheritance, and Polydactyly was single-gene controlled and recessive, 

a. Complete the following table to show the frequency of polydactylous individuals in each 
generation: 



NUMBER OF GENERATIONS 0 


2 


.■4 


6 


8 


10 


frequency of Polydactyly 0.0625 













b. Plot the frequency of Polydactyly against the number of generations on a graph. 

c. If the time of one generation of the inhabitants of Sirius III is 25 years, how long will it 
take to reduce the incidence of Polydactyly to the level of one in 10,000? 



( 



, These problems ate from Hainson, David (1970), Problems m Genetics, Reading, Mass. Addison Wcs!c> Publishing 
Company. 



• 171 



REPORT SHEETS FOR, EXERCISE 2^ 



29-9 



Part A. Inheritance of Starch and Color in Com Seeds 



CHARACTERS 


TALLY 

\ 


TOTALS 


Starchy (smooth) 




1 


f 


Sweet (wrinkled) 






Waxy^ 




\ 


Yellow 




1 


Purple 













Ratio of starch to sweet is \ 

Ratio of purple to white \ 

Is your eat* of corn in the F, or F2 generation? 



Which of the above traits are dominant and which recessive? 
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Form a Purinit square for the possible genotypes producing- the phenotypes observed. 



What Mendelian principles are illustrated? 
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EXERCISE 30 SEARCHING FOR BACTERIA RESISTANT TO STREPTOMYCIN AND IN- 
CREASED SALT CONCENTRATIONS' . . 



An hypothesis for this exercise could be the question, "Do genetic recombinations occurring 
dunng meiosis result in uffspnngs that are better able to meet adversities in the environment?" We 
shall use an antibiotic, streptomycin, and dehydration resulting from "unphysiologically*' high 
concentrations of sodium chloride as aids for the explorat^ion of this question. 

Materials arid Equipment 

A pure culture of E. coli in broth (24 hours) , ^ ' * 

3 Nutrient agar petri plates 

2 each Nutrient agar petri plates containing .85%, L5%, 3% and 6% NaCl 

3 l-ml. sterile (disposable) pipettes 

I glass spreader made from a Pasteur pipette 

1 bunsen burner ' ' 

1 inoculating loop ' ' " 

1 small beaker ' 

1 hand atomizer ' ^ 

.05% streptomycin ^ . c ' 

95% alcohol ~ 

Wax pencil ' ^ 

Part A. Searching for Bacteria Resistant to Streptomycin 

Procedure : 
L Use asceptic techniques, throughout. See Exercise 5. ~* 

2. Mark the covers of two nutrient agar plates with your initials and E. coli. 

Partner A. Flame the culture tube and withdraw .5 ml. of cqlture with a sterile 1 ml. pipette. Raise 
one side of the petri dish covers and pipetfe .25 ml. onto the surface of each dish. 

4 

Partner B. While the ttansfei of organisms is being made, dip the sealed and bent Pasteur pipette 
into alcohol and flame. Let cool. Spread the inoculum evenly over the surface of both plates. 

3. Allow the plates to stand until the liquid is all absorbed by the agar, then invert the plates. They 
are tl)en mcubated at 22-28 C (room temperature) for 6 hours to overnight. After this initial 
incubation penod you p/obably will not see the bacterial colonies due to their minute size. StcriHze 
a glass spreader by flaming and letting it cool. Lift one side of one of the dishes and gently respread 
the surface. Label this dish "Spread." Label the other one "Control." \ / 

4. Use the atomizer to spray a fine and gentle mist over the agar surface of both plates. Be careful 
not to ^pply so much of the solution that.it*runs. Let the plates sit upright until liquid is absorbed, 
then invert. ^ % 

5. Wcubate the plates at 22^28**C for 24 to 48 hours. Count the colonies present on each plate. 
Record your idata.^ . * - ^ - 
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Part A courtesy Martin J. Carey, Clark Colle^, ^tlaata, Georgia. 
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6 You will no doubt ask yourself whether or not it was possible that a drop of penicilhn mist may 
not have landed on some bacteria and these are the ones that grew mto colonies. To test that 
hypothesis, use a named inoculating loop and transfer some organisms from an apparently resistant 
colony to a fresh tube of broth. Respread on a nutrient agar plate and spray with .05% strepto- 
mycin. What alternative methods could be used? 



Part B. Resistance to Increased Salt Concentratiori' 

All enzymes require vyater in order to work. If water is i^t available then cell met^abolism will 
stop This kind of intercellular drought can be brought about by exosmosis, that is by subjecting the 
cells to a hypertonic environmental medium. Can some cdh overcome this situation? If ^o, how do 
you think that they might reasonably do it? 

Procedure 

Use asceptic technique throughout. See Exercise 5. ^ 

1- Ob.tain 5 petri plates containing 0, .85%, 1 .5%, 3% and 6% NaCl in the agar medium. Mark them 

accordingly. , * 

. ^ . ft 

2 Flame the tube of 24 hour culture of E. Coli and transfer .25 ml. to each plate (draw up at least. 
I 25 ml ) Partner B-Dip a bent glass spreader into alcohol. Flame and cool. Sp'read the inoculum 
evenly over their surface of the plates, starting with the least salt concentration and working up. 
(Why would it not be advisable to start at the highest concentration and work toward the least 
concentrated?) • - 

3 Incubate at 22-28''C (room temperature) for 48 hours. At the end of tha't time rate the amount 
of growth on the plates as follows: v " 

+++, the amount of grqwth on the control (0% NaCI) plate 
> ^ ++, somewhat less growth than on the control plate 

+, a trace of growth, a few colonies 
0, no growth at all, 

4 Transfer organisms from the coldnies formed to fresh broth of the corresponding salt concen- 
tration. Rate the amoUnt of growth after 48 hours by the same plus-system used above. 
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REPORT gHEET FOR EXERaSE 30 



Part A. Searching for Bacteria Resistant to Streptomycin 
TREATMENT COLONIES^ 



Control 
Spread 



What result from reculture of an apparently resistant colony? 

Part B. Resistance to Increased Salt Concentration - 

Amount ojjbrowth after 48 Hours at ^°C 

in ^Fh^ Per Cents of NaCl - ' 

Growth on Reculture 

0 _: . 

.85 ^ 

i;5 1 

3.0 

6.0 



\ 



Questions ' ' «i ^ ' 

1. If more colonies appear on the spread plates than on the unspread ones, what explanation can 
one give to support that result? * *' \ , ^ 

2. Did the streptomycin-resistant organisnis "breed true"? 

3. By what mechanism can^tHe bacteria survive the higher concentrations of NaCl? ^ t , 



EXERCISE 31 - THE INHERITANCE OF SPECIFIC PROTEINS 



Bloodletting was a medical practice that extended from antiquity into the 20th' Century. The 
medicinal leech (Hirudo medicinalis) could be purchased in drug store's in the United States up mto 
the I920's or thereabouts. At the turn of the century, some physicians began to wonder if bleeding 
the sick might be a cause of death for many of them. They reasoned that it might be helpful to give 
a patient blood instead of taking it away from him. 

The first of these tissue transplants (blood being a connective tissue) was successful but those 
that followed were not. Through the pioneering work of Moss, Jansky and Landsteiner, working 
independently, it was discovered that something in blood plasma was causing some blood donations 
to clump (or agglutinate). They didn't know what was causing this effect so they called it an 
"antibody/' a term coined by Louis Pasteur less^^t^an 50 years previously.*^ 

We have learned a great deal since 1903. We know that most of the antigens are proteins and 

that the antibodies are proteins of the gamma globulin group of blood plasma proteins. The protein 

that is clilled A or the one that is called B will be present in many kinds. of cells, maybe all of the 

cells, of the body. Some people forrfT^both proteins A and B and others don't form either one. 

Antibodies react most strongly with specific proteins and as the structure Qjf proteins begins to vary 

from that, the antibody becomes less able to act upon it. Since we can stimulate the production of 

antibody proteins in a number of animals -rabbits, horses, etc. by injecting them witlvlhe antigen. 

protein we wish to identify, it becomes a very convenient tool for locating specific proteiits^without 

the longer processes. of physical-chemical analysis. o // 

* I* ' 

Man forms a few antibodies spontaneously. One is against Pneumococcus type 7, but the motV 

common is production of antibodies^ against the kind of cell membrane protein (A or B) which! ^is 

not made by that individual. The antibody protein against protein A is called anti-A or alpha. Jhe 

one against protein B is called anti-B or beta. People who form protein A spontaneously form anti-B 

or beta antibody. Those that form protein B spontaneously form anti-A or alpha antibody. That 

was what caused Drs. Moss, Jansky and Laiidsteiner trouble back in 1903. 

About 85?c of the white population in the United States, and a slightly higher percent among 
Negroes and orieiitals, form another group of membrane proteins. These are designated C, D and E, 
which constitute the Rhesus monkey factor (Rh factor). (Proteins A and B are also found among 
other Primates.) Antibodies against, the Rh factor are not formed spontaneously but arc formed if 
Rh protein is infused into the blood of an Rh-negativc person, that is one that does not form Rh 
protein. ^ . 

A consider4ble list of proteins in cell membranes, including red blood corpuscle membranes, 
^have'now been identified. Their names Kell, pilffy, Lewis, etc. -denote the names of the patients 
in which these proteins were first discovered to be missing. 

Prpteins A, B, C, D, and E are quite different. Flowever, there are some substitutions of a single 
amino acid into the hemoglobin chains which may have far reaching effects and are responsible for 
such l^od disorders as thallasemia and sickle cell anemia. The resulting change is not easily de- 
tected with antibodies as specific as they are. Sicke cell anemia (a homozygous condition) and 
sickle-cell trait (the heterozygous condition) can be'detected by a simple test. 

The genes l\nd l" which regulate the production of proteins A and B are not dominant to 
each other. So. a person who lus both genes l^and will produce both proteins A and B and 
therefore be of type AB. A person who is homozygously recessive for these genes (1" and I*') will 
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form neither protein A nor B and is designated as typfe 0. Genes I'^ and are dominant to their 
recessives of course, so that a person of type A can be either homozygous (I'^I'^) or heterozygous 
(I I*) or more properly 

Type A ^I^I^I Vor lY I'l' 

TypeB« I'^or I^n'l*^ 

TypeAB iWl^or f^lM^lV lYf I^'or fl^ff 

, Ty^eO 

There are about 3 billion combinations for the known blood ceil proteins, indicating that 
each person on earth probably has a protein "fingerprint" discemable if all the known protems were 
typed for that blood. 

Procedure 
Preparations 

I Dry a clean slide from alcohol using a lint-free cloth or paper towelling. Draw two circles about 
inch in diameter with a wax pencil. Label the left circle A'and the right one B. Put yourSnitials 
on the end of the slide. * • ' ' 

2. Place about I ml (I inch) of normal (0.89%) NaCT in a small (7 mm.) test tube and place the 
tube in a rack or other support. 



3 .^ash your hands if you are the subject. Wipe a fingertip on the left hand (if you are right- 
handed) with some 70% alcohol on a pledget of cotton. ' * 



Wipe the fingertip next with eth«r on a pledget of cotton. The evaporation of ftie ethli^^lps 
to rapidly remove the, alcohol (which will destroy red blood corpuscles), and at the same Jiime the 
cooling effect draws blOod into the fingertip. • " ^ 

Obtaining A Few Drops of Fresh Bipod ^ 

4. Have your partner open a packet containing a sterile, disposable, metal lancet, viz. 




n 

f f 

5 Place the left hand palm upward on the table with the cleaned fingertip extended. Have your 
• partner plunge the lancet firmly into the ball of the fingertip. The skm at this pomt is about Vi mch 

thick so the lancet should go all the way to the stop. Remove an^iscard.the lancet. 

6 Two Or three drops of blood can be encouraged to flow out by gentle pressure on the fingertip. 
Add this blood to the tube, shaking to mix. Make a medium pink suspension. If it is red, add more 
saline. How will this prevent pseudoagglutination? 
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^BO Typing'Using Anti-A and Anti-B Serum • 

7 Take the slide with marked circles to t^Q teacher's table and obtain a drop of Anti-A serum in 
the A circle and ^ drop of Anti-B serum in the B circle. Return to y^our work place with the slide 
and add a drofi of l^e blood ^spension prepared in Step 6. Be careful not to let the dropper touch 
either of the drops of jSerum. Mix each circle by stirriog with different ends of a toothpick or 
applicator stick. ^ , * ' 

Examine the preparations tinder the low power (iOX) objec.tive of the microscope. Type A 
blood will clump on the A side andJTj^pe B blood will clump on the B side. Type 0 will not dump 
in either cirtle, but Type AB will clump in both, * . ' , 

An Alternate Procediire' / ' " . ^ • \ 



4 















i 




CD 




■J 



Optn Slid* Blood Tyf^lng Mtthod. {Illustr^ng the pfocedure that may be fallowed intJhkxj fyping). 
1 -collecting two or three 'drops o< blood tn a test tube wi.th a few cc^ of no^nrial saline; 
O^-by means of a vasehnt "gun/' b. a.circle of vaseline is placed on wch end of the slide. C, 

3- the on^ circle is labeled A and the other B and a drop of A and B type sera, d, yj added to each 
respecnvtly byfncan/of a small ptpette. e; ^ ^ 

4- a small drt)px'T diluted blood of unknown type in the test t1ft>f is added to each drop iwith a* 
platinum wire/oop (flarT>e well between drops):' 

5- -covtrs'lips|are plaSnS over each to prevent evap6ratton» The valine acts as a seal. 

6- unaq6lutii(ated blood and 

7- agglutinatebJbloQjJ as it appears u(ia.er mt microscope. *^ 



blood as It appears upder the microstepe. 



^Froni Pace, McCashlanti and Ric(lcsc\,10fi^ laboratory Manual for l^erteSrat^ Phyihhgy. Minneapolis^ Burgess 
iSPubMshingCo..p. 158. ^ ^w^-^ ' v. * 
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c. A Rcoblem in Cross-Matching ? ^ 

* ABOT^PE CELL AN TIGEN PLASMA OR SERUM ANTIBODY 

\ 0 Neither ' v alpha and teta 

, • "A .A ^ beta 

' B\*-- B . ^ alpha C 

- AB ' ^''^ ' A and B * Neither ^ 

' Type. A or Type B blood can be used to determine an^ other type if the titer of antibody is 

high enough^and there are ho inhibitors (H in Type O blood). L,et us use Type A blood as an 

example and a^ume no interfereniie. » ^ : ^ 

^ * • 

ProcedJre for^Olbtaining Materials. Separate the cells from plasma by Centnfug^tion or from serum 

by leHing blood samples clot. One sample here is Ty^e A bjbod. Now mix Type A cells with serum 

or plasn)a of the untyped blood ^d mix Type A serum (containmg Anti-B or beta antibody) witlj. 

cells of the untyped blood, ^ix arid'let stany. Look fof agglutination. 

Work out this problem using Type B bl6oa cells and serum to type unknown types. 

CASE BLOOD- T);PE ■ TYPE A Zlj^S AND UNTYPED $ERUM . TYPE A SERUW (BE.TA^ AND UNTYPED CELLS 

.r B * ■. • Clumped. B,-0' .' " ' ■ Clumped B. /KP 

.H. , A- * Not 'Clumped A," y5tp ••, Not Clumped A, 0 

HI O. 'Clumped. 0 ' ' ^ot Clumped ^, O 

iv" AB y . Not Clumped A, AB . • ' ' - ^ Clumped 'p/AB „ 

.NOTjB. Where (h^ Untyped Cells are -n Type A Scrum (beta), one must wfite doNvn the ABOJype of the blood 
with(orvithouty the antibody concerned. ' \ . - ^ 

* 

\ ± R'h Types (Ty^es Q, c,^D, d; E, e) ' \ . ' 

.The Rh fa*;tors are cell protems C; D, .and E. If one is positive for. any Of these, the capital 

letters ar^ used to^how its presence as the result of genetic dominance for the formation of these 

specific protems. Small letters are used to indicate the absence of. these proteins due to genetic 

reccssivenesslRh Negativity). ^ ' • * ^ • 

* <^ ' ■ , ' ^ ^ 

(\) Dry a clean slide from alc^ofioTusing paper towelling. Handle the slide l)y its edges. 

(2) Draw three %-inch diameter circles,' label them C, D, ari|l E. Writ^ your initials on 
the end of the slide and place*it on»thp Rh-typing box for a few minutes to, warm up. 

' ' ' f 

* , C3)* Obtain from the teacher a drop of Airti-C, Anti-D*and Aa^i-E sera/in.tnc proper 
yirdcs.^Add a drop of hndiluted blood to each. Mix with separate toothpicks and place on 
* . *the Rh^typmg bok.*Shake fbr 4 minutes. Observing tesults at •I minute intervals. 

' . (4) Report your results for C, D, and E separately, uSlng Capital |e{ters*for positive 
reactbns, and^smail letters fdr negativ^on^s. ' - , * . 



FREQUENCY .OF Rh TYPES AND GENOTYPES 
IN WHITE POPULATION 



Rh FREQUENCY FREQUENCY SERUM REACTIONS 

TYPE (Percent) GENOTYPE SYMBOL tPercent) C D . E c e 



ccJb 


1R 1 


cde/cde 


rr 


15.1920 


0 


0 


0 


•f + 


Cde 


V 

\8 

li 


Cde/Cde 
Cde/cdeq 


R'R' 
R'r 


.0097 
.7644 


+ 
+ 


a 
0 


* 

0 
0 


0 + * 

+ + 


cDe 


2.1 


, cDe/cbe 
cDe/cde 


Ro^o 
Ror 


.0659 
. . 1.9950 


0 
0 


+ 
+ 


0 
0 


+ + 
+ + 


cdE 


, -9 


cdE/cdE ^ 
cdE/cde 


r'r- 
rV-^ 


.0141 
.9235 


0 
0 


0 
0 


+ ■ 
+ 


+ 0 







CDe/CDe 


R, R i 


17.6803 


+ 




0 


0 


+ 






CDe/Cde 


Ri R' 


.8270 


+ 


+ 


0 


0 


+ 


CDe 


53.4 


CDe/cDe 


Ri Rq 


2.1585 


+ 


+ 


0 




+ 






CDe/cde 


R,r 


32.6808 


+ 


+ 


'0 


+ 


+ 






Cde/cDe 


(R'Ro" 


.0505 
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+ 


0 


+ 


+ 






cDE/cDE 


R2R2 


1.9906 


0 


+ 


. + 


+ 


0 


cOE 




cDE/cDe 




.7243 


0 


+ 


+ 


+ 


+ 


14.1 


cDE/cdB 


R2R'' 


.3353, 


0 


+ 


+ 


+ 


0 






CdE/cde 
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0 


+ 




+ 


^ + 






cde/cdE 


RoR^ 


.0610 


0 


t ' 


+ 


+ 


+ 


• 




CdE/CdE 


Ry Ry 


.0000 * 


+ , 


0 




0 


0. 






CdE/Cde 


RyR' 


.0001 " 


+ 


* 

0 




0 


+ 


CdE 


.03 


CdE/cdE 


Ry'R" 


.0001 




0 


+ 


+ 


0 






CdE/cde 
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0 


+ 


+ 


+ 






Cde/cdE 




.0234 


+ 


0 


+ 


+ 


+ 



CDE 13.6 



CDE/CDE 

CDE/cDe 

CDE/cDE 

CDE/CdE 

CDE/Cde 

COe/CdE 

CDE/cDe 

CDe/cDE 

CDE/cdE 

cDE/CdE 

CDE/cde 

fcDe/cd^ 

cDE/Cde 

CdE/cDe 



R,R, 

R,Ry 
R' 



R^.R*- 

.R2 Ry 

r;r^' 



.0006 
.2048 
^0687 
.0000 
.0048 
*^ .0d^2 
.0125 
11.8648 
.0058 
.0014 
.1893 
.9992 
'.2775 
.0003 
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0 


0 




+ 




0 
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+ 
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Part B. Test for Sickling 

MixA-dxcyi of J?lQCKl^dajirop^^ on a.jniaosc.Qpe :slide^ Cover 

with ^ covershp and seal with melted petrolatum (petroleum jelly) applied with a small brush. Let 
stand. Sickly ceil disease will cause sicKlifig in about 15 minutes* Sjckle cell trait will take about 30, 
minutes or.a little.longer ' ' ;\ ^ 




> * - 
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Reactions tft_Anj:j^jra: 

4 

Anti-A 



Anti^ 

f / 



Anti-B 
Anti-D 



-it * Blood Phenotype 



Anti-E 



phenotype 



Possible Genotype 



^ j> The sickling test was positive in 



minutes 



negative . . (circle one) 



CASE 



UNKNOWN SERUM' AND 
TYPE B CELIS 



UNKNOWN TYPE CELLS AND SERUM 
FROM TYPE B (ANTI-A OR BETA) 



TYPE 



I 

II 
III 
IV 



Clumped ^ 
Not Clumped ' 
Clumped 
Not Qumped 



Clumped 
Not Clumped 
Not Clumped 
Clumped' 
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EXERCISE 32 - PHOTOSYNTHESIS AND THE SYNTHESIS OF STARCH 



Material and Equipment " ' , j 

Hot plate . 2 Hammond clamps 

2 1502^0 ml. beakers Geranium plant in the light and plant 
Scissots ieft in the dark 48 or more hours 

250 watT lamps on stands ^ , ^%ethanol ~" • 

Vacuum pump or aspirator Lugpl's iodine 

2 Test tubes with 1 -hole stoppers, ^ Dilute ijyrogallol solution 

' glass and rubber tubing Elodea sprigs 

Part A. Effect of Light on Photosynthetic Activity 

Preparations 

Enough geranium plants have been obtained so that there are at least two leaves for ^ach 
workmg group m the laboratory. These have been divided into two equal groups and Group 1 
placed m a dark cabinet for at least 48 hours before class meets^ Group 2 plants have remained in 
the light. ' . 

Take two stnps of paper about .5x6 inches and write your name, section, and No. 1 on one 
and No. 2 on the other. k. 

Prorefedure , . , 

1. Select a leaf on a plant in Group 1 and place ypur No. f identification strip as a loose bracelet 
around the petiole, fastening the ends together with a staple. Do the same for a leaf in Group 2 
using your No. 2 identification strip. - / ^ 

2. Using sharp scissors or a razor blade, cut off the distal half of your leaf/No. 1 and the right half 
of your leaf Np. 2. The veining patterns will i^egtify these for a while. 

3. Place the leaves in a beaker and cover with ivater. Boil for%bout 2 niinutes to extract wat^^r- 
soluble pigments. 

4. Transfer the leaves to* a beaker containing 95% ethanoK Boil on a hot plate away from flames 
until all of the green pigment has been extracted. Remove the leaves and blot them dry between 
paper towels. ' " 

5. Place the leaf halves in a half petri dish and cover with LugoPs iodine solution. Rinse away the 
excess iodine with g>5ntly running tap water. ' ^ 

6. Dry the leaves between blotting paper or towelling in a leaf press for use in your report later.' 

. 7. The Group 1 planets will novv be left in the light and the Group 2 plants will be placed in a dark 
cabinet for at least 48 hours.or until next labcw-atory period. 

8. At the next laboratory period remove the other halves, of the leaves from the plants and repeat 
• Steps 3 through 6. 

.9. Divide the leaves tested among the members of the group and attach them with rubber cement 
to the spaces provided in the Report Sheet. 
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Part B. Is Oxygen A Product of Photosynthesis? 

Procedure , ^ * ' 

« 

1 Fill two test tubes about Va full of a freshly prepared solution of pyrogalloL The teacher will 
provide a demonstration of what happens to pyrogallol when oxygen (from the breath for example) 
is bubbled through the solution. 

2 rn'sert a fresh sprig of Elodea (water weed) into each test tube. Insert a rubber stopper equipped 
with a glass tube, short segment of rubber tubing, and a Hammond clamp. — 

3 Attach the tubes to a vacuum pump or to a water aspirator (with a water trap interposed before 
the tube) and remove as much air (oxygen) as possible. Close the. clamp before removal from the 
vaguum system. ' » 

4- Place one tube in bright light (sunlight or a 250 watt bulb). Examine penodically and compare 
with the other tube which has been placed in a dark cabinet. 



Attach to vacuum line 
and remove as much 
air as possibie> 



Flodea sprig in 'pyro- 
gallol solution 





L > 
























r 



When tube is evacuated, 
close clamp before remov- 
ing tube from the system^ 



\ 



i6 
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Part C, IN VITRO Synthesis of Starch 
Materials and Equipment 



Irish potatoes 
Knife 

Food chopper 
Beaker 

Suction flask with Buchner funnel 
Vacuum line (through water trap) 
Centrifuge 

Filter paper \ 
Wax pencil 



0.0! M HaCN or NaF (both are poison) < 

LugoPs solution 

0:01 M Glucose- 1 -Phosphate 

Centrifuge tubes « • 

8 Test tubes and te^ tubejraQk , . 

Disposable spot trays 

(ZDVM Glucose (Dextrose) 

.2% Starch solution 

,2 M Potassium acid phosphate KH2PO4 



Crude Preparation Containmg Phosphorylase 

1 . Wash about 100 grams of potatoes and cut into smalPpieces with a knife. Grind these in the food 
chopper, catching the juice (which may turn brown). ^ * * . 

. 2. To the chopped potato and its juices add 40 ml. of .01 M sodium" cyanide or of sodium fluoride, 
to inhibit other enzymes, particularly phosphatases. ' - . ' ' 

3. Filter the homogenate through a double layer of cheesecloth. This filtrate must have the starch 
removed. This can be done by filteripg by suction through a double filter paper on a Buchner funnel 
or by c^ntrifugation for 3 to 5 minutes. Test the final solution for the presence of starch by 
transfemng a little to a spot plate or test tube and adding a few dxou^ of LugoPs iodine solution. 

4. While preparing the enzyme, start a boiling water bath.^Place 10 ml. of the enzyme preparation 
.in a test tube and boil about, 10 minutes to inactivate thetenzyme. - j^' 

Procedure ^ ' ^ ^ . 

1. Number test tubes I through 7 with wa:? pencil. 'MflJ^ these preparatiSns: 

Tube 1 : 3 ml. .01 M glucose, Udrop .2% starch solution ^ 

Tube 2: 3 ml. .01 M glucose- 1 -phosphate, I drop5tarch . 

Tube 3: 3 ml.^Ot M glucose- 1 -phosphate ' ' 

Tube 4: 3 ml. .01 M glucoser I -phosphate, I drop starcb . \ \ 

Tube 5: 3 ml. .01 M glucose- 1 -phosphate, I mh .'2M KH2PO4, I drop-.2%^tarch 

Tube'6: 3 ml. .2?^ starch, I ml. .2 M KH2PO4 

Tubs 3 ml. .2% starch solutiorf, 1 ml.^-M^ KH^ PO4 - ^ - ' 

Add k few drops of LugoPs iodine solution to 7 depressions on a spot tray. . \ 

2. Note the time, then add 3 ml. of the Qn^yme preparation to Tubes 1 , 2, 3rs>and 6. Add 3 ml/of 
the bailed enzyme preparation to Tubes 4 anc(^ Shake each tube to mix well^ Remove a few drops 
of mixture fromjeach tube and drop in the appropriately numbered depression on the spot tray. Use 
a separate Pastmr pipette fur each transfer Retyrn'the. pipette to t^e proper mixture for later \ise. 

3. Incubate the mixtures for at least 30 minutes*at room temperature. > 

4. ^ At the end of that time repeat the LugoPs iodifle test for starch on all of the mixtures and record 
your result^} * . ' ' - . ' 
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Pact A. Effect of Light on Photosynthetic Activity. 

Results of iodine tests on leaf fragm ents extracted witji water and ethanol. . 



Piece-of Leaf No. 1 from 

plant after 

days in thejiark. 



Piece of same Leaf No. 2 
aft6r^_!_days in the dark 



Piece of same Leaf No. I 

after days in the 

light^^ 



Pil?ce of Leaf No. 2 
kept in the lightT 



Explain the above results. • 
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Part B. Is Oxygen A Product of Photosynthesis? ^ 
1 . What effect does oxygen have on the color of the pyrogallol solution? 

\ A' . ' 

2 What hafmens to the pyrogallol in the tube brightly illuminated as compared with the tube kept 
-in the dark?/? T ^ 
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Part C, IN VITRO Synthesis of Starch 

/. 

CONTENTS ' 



TUBE 
I 

2 
3 
4 
•5 ' 
6 
7 



QPLOR OF lOOINE TEST 



Glucose + starch + enzyme , ' 1 

G-l-P + Starchy enzyme 2 

G-l-P + enzyme - — * 3 

. G-l-P + boiled enzyme ' * 4 

G-l-P + PO4 + starch + enzyme' 5 

PO4 + starch + enzyme , , 6 ■ 

PO4 4- starCh^+ boiled enzyme 7 















\ 


. \ 















What information does each tube yield in thi^ experiment? 



ERIC 



Part C. IN VITRO Synthesis of St^ch (continycd). 
WJiat is the role (or roles) of the potassium phosphate? ' 



Consult ypur text an4 find answers ♦to these questions: 
What are the final products of the reactions driven by light? 



What does carbon dioxide comb^rte with in the carbon dioxide fixation reaction^ — 



How many molecules of triose sugar (glyceraldqhyde) are formed'^s the result of fixing 6 molec- 
ofCOi? ' ■ ' .... 



Glucose IS a product of the reactions leading from" an excess of glyceraldehyde. Yet, uAlike in> 
. animals, glucose is not the sugar thfit is transportedlfrom the site of photosynthesis to the site of 
food storage (usually as starch). WJiat sugar is transported in plants? 



What is the ultimate ^ourqe of the energy in glucose? • •• / . . 

». • \ • 

. ■ " «' ■ :•. * •'• 



\ 
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EXgRQSE 33 - DIGESTION OFTOODS 



'Materials and Equipmenjf. ' ' - / ^ 

Test tubes, 15 X 1*50 mm (15) ^ LugoPs solution (30 ml) diluted 10: 1 

Sj)ot plate or disposable tray , Benedict's solution (60 ml) 

Test tube bath - - .Lrtmu^solution ( lO'ml) ^ ^ 

Bujisen burner ^ ^ . ' 'Pancreatin solution, 5% (30 ml) 

Thermometer Pepsin'solu'tion, 5% (30 ml) 

Beaker, 1000 ml " Sodium bicarbonate solution, (30 ml) 

Ice ' - ^ . . Hydrochloric acid, O.IN (50 ml)' 

Paraffin i • ' Hydrochloric acid solution. 0.5% (30 ml) 

Hard-boWed egg white Sodium hydroxide solution, 0.5% (30lTrt1- 

Crcam(IOml) ... \ Chloroform (10 ml) ' 

Acetic acid, dilute (30*mi) Pasteur pipettes 

Starch pastc.(60 ml) ^ ' . • ' 



Part A. Salivary Digestion \ , > r» ' ^ ^ • 

1. Obtd-m some 1% malt diastase made up in Rmger's solution 01* in buffer at, pH 7.4, and contain- 
ing*,9% NaC I as.an activator, or • , ^ - * ' * 

Chew a piece Of clean .paraffin for a few minutes and collect the saliva produced in a clean 
Weaker, If your nv)uth feels dry, suck upon a piece of fresh lemon to stimulate s^iva How. Dilute 
the saliva with an equal amount of Water and filter through cotton. 

2. Test the pH of the saliva or diastase with^pHydrion paper. Record your results. Boil 5 ml. of the 
enzyme (diastase or s^aliva) and let cool for use in Step 4. 

3. To a small portion of saliva add a few drops of 1% acetic acid. A precipitate "wit! indicate the 

presen^^e'ofmucin (a glycoprotein'lubricant): ' ■ 

^, «^ • * ' 

.4. Mark fiVe^ tesV tubes with wax pencil SI, S2, S3.'S4 and S5. To all tubes add 5 ml. of 0.5% starch 

solution. To tube S2 add 5 ml. of the saliva .solution. -To tube S3 add 5 ml, of the saliva solution and 

place immediately m a booker of ice. 1^ tube S4 add 5 ml', of the saliva solution that has been 

boiled and cooled. To tube S5 add 5 ml. Df the saliva solution and I ml. . I N HC I . 

♦ 5. Obtain a disposable spot tray. Mark 5'columns^SI through S5 with wax pencil. ^ 

" 6. .Insert a clean Pasteur pipette into-each test tuba. At three minute intervals transfer a few drops 
the incubating' digests to an appropriate depr^sion ir\ the spot" tray.o Add a drop of diluted 
jPs solution to.-the sample. ' ^ > • 



7 When the iodine is no longer changed by the digest in tube S2, transfer about 2^ml. Qf each lube 
to andean set of marked test tulpes. ' ' 

Add 2 ml. ot Benedict's reagent to each Uibu and boil for three nrinutes. Record the colors. 



er|c ' ^ ' - 13<> 
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Part B. Gastric Digestion . 

1. A small piece of hard boiled egg white, or preferably some purified fibrin is placed in each of 5 
test tubes labeled Gl,G2,G3,G4aiidG5. - " " 

2. To tubes Gl, G2, G4 and G5 add 5 ml. of a 5% solution of commercial pepsin 
To tubQs G2 and G3 add 5 ml. of water 

To tubes Gl, G3 and G4 add 5 ml. of .5% HCl • 

To tube G5 add 5 ml. of .5% NaOH. ' - 

3. Plage the tubes in a water bath at 37-40°C and obs^e every several (20) minutes to watch the 
progress of the hydrolysis. 

4. "Record youf results. • ' 



Part C. Pancreatic. Digestion of Egg White 



1. Label three test tubes Pi, P2, P3. Add 5 ml. of a 5% commercial pancreatin splutidn to each 



tube. 



2. To tube PI add a 5mm. cube of hard boiled egg and 5 ml. of 1% sodium bicarbonate • 
To tube P2 add a 5 mm. cube of hard boiled egg anjl 5 ml. of water 
To tube P3 add a 5 mm. cube of hard boiled egg and 5 ml. of .5% HCl . 

^ Place in a water bath at 37-40°C and obscv/9 every few minutes to follow the progress of thfe 
hydrolysis. 



Part D. Pancreatic Digestion of Fat • * 

■1 Add about 3 ml. of cream to a test tube. Add twice the volume of 5% pancreatin and a few 
drops ofbromthymol blue Theft add dropwise just enough .IN NaOH to turn the mixture blue. 

2. Place in a water bath at ST^O'C and observe at intervals for two hours. ' 
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Part A. Salivary Digestion 



MINUTES AFTER 
START 




S2 


S3 

« 


S4 


S5 


































































\ 


• 


i 








































Color of Benedict's 
Test after \ / 

^ Min 
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Part' B. Gastric Digestion . . ' 



DIOESTlbfJ ■ 
■ TIME 


Gl 


G2 


G3 


G4 


. G5 * 
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Part C. Pancreatic Digestion of Egg White 



TIME 


PER CENT DIGESTED , ^ 


PI 


P^. 


PS." 


« 




» 


> 



Part D. *• » 
Color at Start: 



Color after j. i minutes: 



• Part A. Salivaiy DigcstioiK . • 

What effect did the following 'have ori "the rate of stkrch digestion as compared 

S2? Explain. ^ ' \ ^ * . \ - ' ' _ . . . • 

^ TubeS3,J)laced inlce. ^ • V * ^ * . - ' 



jTube S4, containing bailed enzyme. 

\ 

Tube S5, in acid pH. * 



r 

:< 



PaVtB. G^yic tHgestion V 
. Was HCl and water effective in hydrolyzing.thi^ protein? 

WhJ^^as there digestion at 6ne pH and not ^kihe other?. 



Part t. Pancreatic Digestion 
What was.th^ rol^'of sodium bicarbonate, in tub^ W' 

\ 

What effect did HCl have on th^ dige'stio;Ttate? ^ 



Why? 




7 



fart Pancreatic Digestion "of ^at * . ' | 
Wh]/ did the bromthymoi blue indicator change coier^v 



4 

! 



.7. 



/. 
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• PART'OF 
ALIMENTARY 
TRACT 


GLANDtS) * ' 


liShE OF ENZYME 
OR MATERIAL 


S CLASS OF FXX)D 
ACTED UPON . 


■ 1 

PRODUCTS OF • 
DIGESTION i 




•Paroftd. , ; 
Sublingual/ * 




* 

1 




Stomach 








TT^ ^ — 


« 

r 

Small Intestine 
• 

\ ^/ 


— r-' 

Uver 1 


Bile 






/ 

/ . 

^Psmcraas 






'■ \- ■ ' 


Trypsmogen 





• *j -\ 


/Chymotrypsinogen 






Carboxypeptidas6 






Crypts of / 
Lieberkuhn 




Maltose • • * ' 




• • 


Sucrose ' : 











\ / * 

Write \ report on how the secretion oi^paricreatin is regulated from the Small intestine. 



EXERCISE 34 - MI^ASUREMfNT OF OXYGEN USE^ ^ • - 



Patt A. - Assembling the Apparatus 
Materials and Equipment 



A'plastic pan 12 in.^x 18 in. approximately . 

2 Support stands- ' ' 

• 2 RingsuppoEts » ' ' * \ / 

2 quart or other size bottles with wid^ mouths and equal volumes 
^ 2 2-h^ rubber stoppers to fit-the mout|is of the jar 

2/1 0-ml pipettes * / * ^ ^ * 

• 2 fefet of 5^-inch (outside dianjeter) glass tubing* 

Rubber tubing (*/i-inch inside diameter) . ' ^ 

File" V - ' , 

►Bunsen burner , , . . , 

2 .FmcH-type dajnps , > 

Procedure ' * ' 

I . Place the plastic pan on the basej of the support stands, ^ 



2. Place the Jjottles in the pan and bnng the ring supjjt^rts in position to hold the jars securely 
against the bottom of the part (to keep them (rom floating later when water will be added, to the 
pan.* W * * 

3^^^ut off iJ^rt of the tip oT the pipettes to enlarge the hole enough to^permit the rapid passage of 
waterllowever, don't cut so much that it will be -diffTcuItio get a piece of rubber tul^ingover the 
end. ' ' ♦ 

" • . ' ' :^ * 

4. Insert a short and a longer piece of glass into the two-holed stoppers, being sure fo lubricate the 
stopper and the glass either with water or glycerine.' •! * " 

/ - , ; • • 

• 5.' Bend the tubing^ shown in the illustration. . * . \ - . 

6. Attach the pipettes»to tire longer tubes coming from the stoppers with ihort pieces of rubber 
tubing and add a piece of rubber tubmg to the shorfjer piece of glass. Put aj)inch-type clamp on the 
latter. . 

7. Disconnect the connection to th^ top of one of the pipettes and adcf water (whtch^may be 
colored with a dye for easier feadmg)'making use of a Pasteur pipette. Fill until the pipette is 
half-full when held in position^ >yhen the filhng is? complete, reconnect to the rest of the apparatus. 
The manometers ma> also be filled by injecting the fluid into the bottom connecting tube, makiiig 
use of 9 syringe and a fine (25 gaUge) 'needle. » . 



/ 



*Ai ihis p^mi aSoui .5 inch of soda Itmc van be placcd*ir> ca^h ja^ and coxcrccl with wire^g^i)^^, ot a bag of soda \mt^^^ ^.^.^ 
can be su&pcndcd frorti the lop using adhesive tape around an mside protrusion of the glass tubrn^*!^ . ' >^ * 
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"Support Stf(^ 



Ring supports 
Thermometer 



Vent tubes are closed off with pinch clamps 




Test chamb'er (jar) 



•Wire screen ovep'soda lime 
in the bottom, of the jars 



Pressure-vofume 
contrpi jar ' 



Manomelpr made from 
1, 5/^r ID ml. pipett? 



4. * 

ater for temperature/ 
regulation 



Apparatus For Making Measurements of Oxygen Use 



r 




CASE n 



Id 



>5 



5* 




CASE III 



In C^I both jars have the same gas pressure and therefore the sa^eajiwjunt of gas. In*d»^ //, if gas pressure « 
generatidtin the test jar the water level wiU be depressed. If Ih* right side^open totfieair it might rise higher 
but the tloscd jar keeps the pressure fliUh|^ide increased the same as on the left. In Qife III gases are being taken 
up m^the tfiff^Bitribt'?: crfating a partlif vacuuS^ah3Thawing the water upward.' Th» fill ot the water on the right 

• Side creates an equal partjal vacuum on that side. The pipettes afc calibrated in ml. and so giv&Th«-wl«me- of gas 
used directly For more refined >xork thf volume would be reduced to^dard conditions of I atAiosphere <760 

,mm.Hg.) at Zero degree* C. •• . . , f \ 
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Rart B. Measuring Oxygen Use ' i: . " " 

■ , ■ r . } ' - ' ' 

This apparatus can be used fo m&sure tjie oxygen use of a variety of living things, the mam ^ 
requirejnent being that there be enough matj^al to get a measurement wi^thin a reasonable time 
(laboratory- periods being what Ihey are). Try one or more of these combinations. 

Dry peasi then germinating peas. (Insert, an aluminum EqiI liner in the test j<ir to keep the soda 
^ • • Itme dry.), ^ * /. ' 

^ A mouse at roonr temperature, at a v^armer-than-room temperature and in an ice-water ba^^h. 

Yeast cells -wi media with and without sugar. (In this case th^ soda lime will hSve to be . 
suspended' from, the top of the jar.) 

Oxygen use or production by plants. Qnder strong illumination and in darkness. (Soda lime 
suspended from th« top of the jar.) ♦ ' ' 

Repeat each test three times. Average the results and find^the standard error. / 

Procedure * 

, • ♦ • t. ' 

1 . Place the material or organism to be tested in the test chamber. In the case of animals cover tl\e . 
. jar with a wire screen so that the animal may have plenty of air while he calms down. Open the 

" vents on both jars. When the animal is calm put the,stoppers in place and let the organisms f ome to 
temperature equihbration for aboilt i minutes. Then, oofe the tim£ the level of the meniscus of the 
' water on the test manometer, and then close the-vents on both jars.* » , 

2. Since in this case you will not be able to measure the use of^more than 5 ml. of oxygen"at a'tiipe, 
It may take only a^short time for an active animal to use up] that much. Mark the time it takes to use 

» 5 ml. of oxygen t)r mark the apiount of oxygen used after a given^amount of time, say 30 minutes 
Vln the case of Something with alow oxygen-uptake rate. Wheal the flui^ reach.es the top of the scale, 
stop'time and open the test chmnber vent. - , ' ^ 

Examples: : • ; 

A mous^ at 28**C used tip 5 ml., .oxygen in 1 50 seconds. The mouse weighed 25 grams. 
* ' Determirte its use of oxygeh per gram^ pet hour. • ^ 

ml- O2 used, 60 min. /_ 5- ' 60 _ • 

. X ^ - 4i20 ml. O2 /hour 

time in min. 1 hr./- * 2.5 1 \ 

/ • » * 

ml./hr. ^ body wt. ='120/25 M.8 ml. O2 /gram, body wt./hour 

One hundred grams of soal^ed peas used up 3,0 nil. in 30 minutps. Determine its oxygen use 
per gram, per hour. ^ ; ' . ... 

ml. O2 used 60 min. 3:0 60 180. ^. , . 

X L , = X —A = = Q ml./nour ^ » 

^ime , 1 hr. 30 1 30 " 

ml. per hr./wt. = 6/100 = .06 ml. 0^ /gram/hour 
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Measurement of |>xygen Use 



' •WHA'KWAS- 
TESTES)' 


WT/IN 
GRAMS 


TEMP. 


VOL. O9 
USED • 


1 

TIME IN. 
MIN. 


, Ml. 
PER HR 


'M1.^02/GIIAM/. 
HOUR . ' ' 


* * 




* 








• ' « 


Sum 
Mean 






\ 

\ 




i 




J - 








< 

V 

4 


» * 

1 


• •. 


Sum 

Mean 

±S.E. 


• 


* 

1 




" , ' . ' 






/ 

* 








• • 

f 






i 

Sum 

Mean - 
T 5.E. 

r 


0 




« 


















» < f 
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EXERCISE 35 ^ URINALYSIS (URINE ANALYSIS)- v - ' , ' 



Unnalysis serves an ever important fole as an aid in. the diagnosis and prognosis o/diseases. 
However, like* other laboratory tests, these analyses are supplementary, to other findings, by the 
physician^ Since unnc constituents are derived from plasma by glomerular filtration or by tubular 
secretion, *such procedures as outhned below give some indication of (Jisorders in kidney furittion as 
welj as mdications of plasma ccmcentrations. A particular disease^ rnay be characterized by (1) the' 
presence m the unne of sorne substance not normally present or (2) a greatly increased or "decreased 
amount of some nomal constituent. Both the quantfty and the nature of the food eaten may have a 
marke^ influence on the composition of the unne, these must be known, .to evaluate properly the 
results of urinalyses. Collect a morning sample of about 100 ml. 

Materials and Equipment (per student).^ " . , 



Test tube^rack 
T.est tubes' 

in d i ca tbi*. pa pe r 
Bunsen burner 
Acetic acid 



Clinitest bYand tablets 
Albumia * . ' ' 
Saturated picric acid- 
10% NaOH 
Watchgiass ^ 
Saturated sodium 

bicarbonate 
Dilute nitric acid 
#iiate HCr 



Dilute bariuiVi chloride solution 

in droppirig bottle ^ 
Acejest brana acetdn^e-'testing 

tablets- ' ' * 

CoTicentrafted hydrochloric acid 
3% Sulfosalicylic acid ^ 
5% Copper 'sulfate \' * 
Chloroform ' . ' ' 

'*Tes-;Tape",fc)r urine sugar 
ClinicaJ centrifuge. . . 



Benedict's solution . 
Microscope slides ■ 
Cover glasses 
Microscope ' — 
ConCentrkttd nitric acid 
Dilute silver nitrate solution in dropping bVtle 

Disposable.urine cup v^j^ cover and a few drops 6f toluene . " .. , , 

Central laboratory sup^y station with centrifuge afid pathological urine • ' . 

'Procedure v. . .'. - : ' ' - 1. " ^ 

Physical Examination^ ; * * • ' . . 

Cotor Colorless, very pale, pale, amber (normal), or dark. . - . . . - 

Odor.. Odorless, aromatic (due to unnod), putrid^ ammoniacal, fecal, or due to the added preserva- 
tive. ^ V^v * 
Transparency, Record as clear or cloudy. If cloudy, indicate if w|Ni or^ithout a sediment ot 
macroscopic shreds. 

pH, Use a pHydrion paper. Tear off a piece of tape about I VWhches in length. Add a drop of urine 
and compare with the color chart on the container. Othe[ methods may be used. 

Specific Gravity and Total Solids in Urine. ' ' ' 

The specific gravity of the urine is proportional to the concentration of solutes/The grams of 
solute per hter of unne may be calculated roughly by multiplying the second and third decimal 
figures. of the specific gravity by 2:6, Long's coefficient. Thiris, of course, an approximation for 
substantjes differ widely in their effect on specific gravity. The specific gravity of a liter of urine is 
rajsed 0.001 by 3.6 grams of Tirca,by t.47 grams of NaCfl,by 3j8gVams of sodium acid phosphate, 
by 2.7 grams of glucose, or by 3.9 grams of albumki. this coefficient is valid for urine at 25**C. Each 
3*'C change from 25''C will lower specific^ravity .001 below, or raise it .001 above 25*C. ^ 



- "SB . 



Procedure Use an urinometef. Pour enough urine into^the glass cylinder" to noat^the indicator 
(hydroniete/) Make sure tbqt the indicator is not touching the side or bottom of the cylinder. Read 
the number of the specific gravity scale, at the meniscus of the^uniie. fhe numbere on the urui- 
ometer scale tepresent the second and third decimal places of the specific gravity, that is, 20 is 
recorded as l*.020. Record the temperature of the specinten. . ' ^ 

Calculate the total solids in the twenty-four hour excretion 9f 1500 ml. of urine. The se.cond 
and third 'decimal figures from the specific gravity reading multipliea by Long s coefficient (5.6) 
willgivethegramsof.solidsper liter of urine. * - ^ . . 

Chemical Examination ' ^ » ' \ ^ ' * / 

' . ' r » \ . 

pH. See above. ' ■ *. 

* • ; 

Tests for Proteins in- Urine ' <- 

Principle Because it is difficult for large molecules -to pass through' ti\£ membrane of^the capillary 
walls/normal urine cbntains onfy very small amounts of protein (less than 75 mg./day)..This will 
consist of serum albumin, a variety of enzymes (pepsin, trypsin, lipase; am^l^sie) and mucin- denved 
from- the lower uriilacy tract.. fhe following tests are designed to detect abnormal amounts of 
. protein in urtne but not to react with the small am9lint normally iJtfe'sent. 

The Nitric Acid Te$t Transfer about ^2 ineh of concentraterfjiitric acfd to a test tube. Holding 
the tube in a slanted position slowly and cafefully add about inch of tinne in such a way that it 
floats on the. acid iClix the layers slightly to give zones with different proportions of unne and acid^ 
One of these zone^ will have the proper cbndiUorA for precipitating any protem present. Albumin 
wiU form a white layer. 

The^ Suifosalicylic Acid test (Albumin or globulin) To I ml. of urine in a test Tube add 2 ml. 
of sulfosalicylic acid A turbidity or precipitate indicates the presence of ajbumin or globulin. 
•Precipitation may be increased by warming the tube. 

* ^ • * • * 

* Acetic Acid Test Jo ^ ml. of urine in a test tube, add one ml. of 50% acetic acid and 3 ml. of 
saturated NaCl Heat the mixture gradually to boiling. If^lbumin or globulin is present, a white 
precipitate* will appear. The presenOc of "bile acids^ or urates may yiejd^ precipitate after the 
addition of solution which goes back into solution upon 'heating, ihdicates-the presence of the 
VBence-Jones protein'' which is fouod in certain pathologic conditions. 

If you are in doubt as tp whether a positive test was obtained, repeat thctest using a control 
mf;^tufe in which water is substituted for the urine. ' ' 

Coagulation or Boiling Test. Fill a test tuT)e abjHit Va full with urine oT acid pH. Place in 
boiling water bath (preferred) or incline the tube slightly and gently heat the upper layei to boiling 
in Ihe flame^of a bUmer^ holding the tube at the bottom. Rotate the tube gradually as the upper 
layer? become heated^ If the urine remains clear after standing for several minutes, no albumin is 
present If an opalescence, a white cloud,'or a turbidity forms in the heated portions, it may be due* 
to 'the presence of-^Cl) albumin or (2).salts. Add a few drops qf 1% acetic acid to the heated portion 
and boil.a^in If the'cloud clears Mp entirely'withbut producing an effervescence, the cloud was due 
to phosphates If effervescence was' produced when the acid was added, the cloud was due to 
carbonates 1f the turbidity persists (or becomes more intensified after adding the acid and heating) 
it is due to albumin. * j . . " 

Acetone ^ Place an acetest tablet in a Syracuse watch glassr Add a drop of unne. If acetond and/or 
diacetic acid are present, a purple color vViU develop which can be compared with the color scaje 
provided The color develops because of a reaction with soxiium nitroprusside und^r alkaline condi- 
tions, the color being proportional to the ampunt of nitroprusside complexcd. ' 
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Indican ( Indoxyl SulfuHc A cid) ' < 

Principle. Trypotophan is degraded by intestinal bactena to indole, indoxyl, skatol and skatoxyi, 
which cpntribute to the foul odor of feces. Some indoxyl is absorbed and Conjugated by the liv^r 
with sul&te yield indican. the potassium salt' of indoxyl sulfunc acid, wHich is excreted in the urine. 
Increased urinary indican is found in constipation and lower intestmal obstruction. In this test HCI 
splits off the sulfafe arid the irtdoxyl conde^rises and is oxidized to indigo blue. ' ' ' 

Pjoc^dure. Place 5 ml. of urine in a test tube and add 0.5 ml. 5% copper solfate. In the hoo'd add 
2.5 ml. chloroform (keep away frqm flames) and 6 ml. of. concentrated HCrr*Mi4j)y inverting the 
^^tube several, times (close wf^ rubber stopper). The appearanpe of a blue color, in^e ^chloroform 
►layer indicates the presence qf indican. The intensity of the blue color is roughly quantitative of the 
amount of indican presertt. ' ^ i 

Stigar Tests ' - • ' * ; 

Benedict's Te^t. T9 5 ml. of Benedicts qualitative reagent in a test fube add 8^ drops of urine,. Mix 

thoroughly and boil in a boiling water bath fo\2 minutes. If sugar is absent the solution will remain 

bliie.^If sugar is present, increasing quantities wiU form a'precipitate that will be opalescent green, 

yellow, orange, orange-brown, or bright red in cotor. s 
» ** 

The Clinitest Table^ Test for Glucose . ^ ^ . 

Place jO drops bf« urine and 10 drops of water in a teft tube. Add one Glinitest tablet^ for 
gJuGose|determinafion Xblue and white jn color). This is essentially tfie ingredients in Benedict's* 
solution. Wait 15 seconds after boiling ceases and then mix , the. contents 'well with shaking^ A 
negative test is blue in color. If there is brqwn, yellow, orange or red color, compare with the color 
chart at the table in the front of the room, p^ecord the present. Place- 2 drops of urine on a 
piece of "Tes-T^pe** Wz inches long. Compare color after 1 minute with color scale.. 
♦ ' ^' * ^ , 

Wben you have completed the Chemical Tests, clean up your glass ware ^nd check your 

material back^in. Sp6nge off the top of your work space, then go on to the microsc6pic examina- 
tion. ' . , - 



Nficrbscopic Examination ' » * ^ , ' 

Puf exactly 10 ml. of urine in a test tube of the designated si^e and place your initials in wax 
pencil on the s:^e. Put it in the centrifuge. When.it i^ properly loaded the laboratory teacher will 
spin it at>.2500 rpm for 4 minute^. This jow speed is to^avoid damaging the elements of the 
sedime/it/ . ' ' / ' ' } ' > ^ 

To ren\ove the sediment, decant as*much of the urint back into ^he collection cup, as possible. 
Prepare a hanging drop in a depressio(i slide and observe under the microscope with low and hfgh 
power 



Unorganized and Oiemical Sediments 



A . B 

f 

1. Amorphous deposits, A uric acicTin acid 

urine, phosphate in alkaline urine. * 

A. Uric phosphate; 8. Uric acid; C. Calcium ^phosphate 




3. Crysta'ls of cystine. 






2. Tyrosine crystals 




4. Crystalline phosph'btes 



' 3. Leucine 
A. Pure 
*B. Impure 





Organ^ed Sedunents 



1. Urinary epithelial cells. 

A. Surface' cornif ied type 

B. Deeper t^pes 

♦ 



^y>RBC 
O 



NUCLEUS 



3. Pus pells are leucocytes. They are 
about twIcSb as big as^red blood .corpuscles. 



' ♦ * 

2. Types of Casts. A^F^ydine, colloidor wax^, depending 
on appearance. B. A leucocyte cast. C. Form of blood, 
fatty and* granular casts, depending upon the content 





4. Mucoid, cylindroids 



SperfTYStozoa 



U2 ■ 
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Urinalysis ^ 

PhysiccA Examination^ 

Color: * 

Odo?: / 

Specific Gravity: 

24 Hour solids in 1500 ml.: 



Transparency: 
Sediment:^ \ 
Time of day collected: 
Type of preservative added: 



Chemical Examination 



pH: 



Nitric acid test for protein: 
Suffosalicylic acid test for albumin or' globulin: 
4- ' Acetic acid test: Albumin or globulin? 

♦ . Bile acids ox urates? 
# * Bence-Jones protein"? 
Coagulation oi Boiling Test: for albumin: 
^cejtone by^Acetest tablet test): 
Indican (Indoxyl Sulfuric acid): 
Sugar (Benedict's Test): 
* Sugar (Tes-Tape Test): \ , • 
Sugar (Clinitest 'Tablet Test): - 



Microscopic Examination (Indicate whether present qt absent and how Inuch if present) 



Amorphous; sediment : 
Bacteria: 

Molds and Ye^ts: 
Casts: 

Crystals: ' 
^ Cylindroids:^ 

Erythrocytes (RBC): ^ 
Leukocytes and pus cells: 
Epithelial cell^: 
Mucus: , 
Spermatozoa: 



I 



. > 



Time of last meal: 
What did you' eat?.: 
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'EXERCISE 36 - REFLEX ACTIONS 



Sterile thread ' ■ . 

It • 

Sterile rubber-tipped depressor Stick 

Neurological hammer , . ' 

' 'J < 

Part A, Cranial Reflexes (Those Mediated Through the Brain)* 

. « 

1 Corneal Reflex. TQuch the^cprnQa of your partner's eye gently with a piece ofsterile thread. Use 
both, a frontaf and a lateral approach. Is there any difference? How does such a reflex help the 
individual? 

2. Light Reflex. Have your partner cover one eye w(th hh cupped hand. Afier a few seconds have 
him move it away quickly. What happens to the pupil df that eye? The light is transduced at the 
retina into nerve impulses Wjiich leave the eye by Way of the second cranial nerve, the optic ne^ye. 
What cranial nerves control dilation and constriction of the pupil? 

3. Consenual Reflex. Cover the right eye and notjs the dilution of the* pupil in the left one. Now 
have ybur partner uncover his right eye quickly. What happei^s to the pupil of the left eye? 

4. Accommodation Re'flei^. Watch the pupil of your partner's eye while he focuses on a near object 
(a few inches away) and then on a distant one (20 or more feet away). Since this deals with the 
sharpness of the visual, image on the retina as interpreted at some comparator with experience on 
what is sharp focus, diagrarti a possible reflex network for controlling accommodation. ' 

5. Pharyngeal Reflex. Touch the back of yqur partner's pharynx with a sterile probe (a piece^of 
clean soft rubber tubing on a narrow jieprQssor stii^k is fine because biting it will not result in 
injury). Have yo^r partner warm up the prob^ by holding it in his mquth for a minute or so. Now 
touch the back of the pharynx. How does he react? 

Part^B, Spinal Refiexes (Those Mediated Primarily Through the Spinal Cord) 

Patellar ^efiex. This is also known as the knee-jerk refiex and is typical of postural refiexes 
mediated through the cord artd infiuenctjd by impulses from the cerebellum and other brain centers. 

,Have ^our partner sit on the edge of a table so that the legs hang free. Strike the patellar 
tendon just below the patella (knee cap) with the edge of the hand or with a neuroloacal harpmer. 
Repeat several l^es to b^ sure the response is not voluntary. Try it with the lo^r leg partly 
extended. If the Tesponse seems slight^ try this maneuver, have the sulQect hook the fingers of one 
hand inside the hooked fingers of^the other. hand and then pull h^rd,. creating strong isonjptnc 
contractions of thcarrn muscles while the patellar tendon is struck. What effect does this maneuver 
have on response? * • . ' 

^ * . ' • 

Now change pWces with your partner so thaft he can observe tlhe refiexes in you. Then answer 
the questions on the Report Sheet. . * . ' . 
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■ REPORT SHEET FOR EXERCISE 36, > . tlf 



..Part A. Cranial Reflexes* " 

. ' ' Deseribethe corneal reflpxV.^i 



^ 2-^ What was tjie difference between*the frontal and lateral approaches? * 



I. , 'V 



3. H9W d'oes the corneal reflex serve the body? 



■ V. 



5> 




4. .Describe th)3 lighlt reflex. *> . 

.What cranial neiyS causes dilation of the pupil? ^ 
^ Which cranial nerve causes contraction of the pupil? 
6. , Is|heJ^t refteX present d,uring.sleep? ; 
What is meant by a mydriatic drug? Name one., v 

8; What is meant by -a meiotic drug?. Ijlatne.one^ " 



^. Give two reasons why.si;^e of the pupil is helpful in interpreting visual images of our environ- 
ment, . * ' • • " - " 



10. Diagram a possible reflex network far accommodation. 



• J. 
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11. Describe the pharyngeal reflex. What was the effect wanning the probe? 



Part B. Spinal Reflex 1 
12/ Describe thepateyar reflex. 



4' 



, 13 . What effect did the pullmg maneuver hs^ on die reflex? Gitfea good reason why this is i 



so. 



V 



1^/ What "is the relationship between the knee jerk reflex and tabe^^orsalis? 



15 Diai^ram^a spinal reflex arc indicating the i:eceptor» sensory neuron, dorsal rpot ganglion,xross 
section of^^pinal coYd motor neuron, ventral^root of motor neuron, and effector. 
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EXERCISE 3J~ INFLUENCE OF THYROID HORMONfe^ON R^TE OF DEVELOPMENT 



1 . •/ 



(pemonstra^iofjjor Special Project for Two or More Students) 



1 



Materials and Equipni,ent^ / 

7 Aquaria or one-gallon jars * « ' . ^ * 

.7 Ro.cks or bricks to foriri easily-accessible, island for frogfets " - / 

35 or more tadpoles (jusF before or in the h^nd limb-bud stage) 
Supplies oil P9,nfl water / v" ' \ 

StQck soijitions of the following inade up^|S^ in .200 mL poqd water. 
' T-hyj^^xine^cr Triiddotyrosine ' ^vF' } 7 , ' ' ^' 

Th^ouraCilj - 7 ^ ' p / 

^ L^goi's iodine sblutio'n (1%) dilute^l 1:100 = 20 mgs/200 mh in pond water 

/Procedure * / • . ^ . ^v 



Label the aquaria from 1 to 7. 
Add a liter pf pond water. Then add ^to . . ' • ' 

No. 1-10 /<g. Thyroxine (or Triiodolyrosine as directed'^ by the instructor) 
No. 2- JO micrograms thyroxine (10 ml. of stock/liter pond water) " . . ^ 

No. 3-Pond water control ' . • * ^ 

No./4~20 micrograms iodine (20 ml. diluted Lugol's/liter pond water) ' » 

No, 5rlO micrograms Mhiouracil ^ 
^ No. 6-20 micrograms ^hiouracil 
No. 7r-^0 micrograms thiouracil -H 20 micrograms thyroxine 

. Replace the aqfiarium solutions •every two or three days or as needed. 

. Tilings to be checked: ^ ' ' " 

>■ . \« * 

Is Hie itibuth small with a beak-like upper lip -or wide, reaching ^)ack under the eyes? 
Arc the intestines coiled neatly or have they extended .and uncoiled? 
• Are the hind limbs present? ^ \ • ^ 

The fj^limbs ar^ formed beneath the skin then break through an opening. Which one 
^ . e^riorized first, the right or left? * . / . 

^Wha^l'^the size (^th6 tail? 

Havfe^^jfic ear dryms appeared* yet? - ' ; 

Ob$^|v^. animals/ every two or three days and enter ddtc under fcdturc in the aiihwcr 
sheet ^h<^ that feature appears. 

Renj'^ve dead animals immediately bi}t do not replace them from stock! 
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' 1. Look. up the forrriula for thyroxine (gr triiodotyrosine if you used it!^ 
* Resource: a textbook of Endocrinology. . ^ 



• 2. What isjhe fprmula for theouracil? 



3 What efftct was pr9duced by thyroxine? ^y^re these 'effects i^oportional to the dosaM used? 



'4. What /effects were produced by thiouraeil? 



5 Wh^t would be a good reason fqr Jiaying included treatment with iodine al/ne, knowing 
that iodine is a constituent of the thyroid hormone? 



6 How could you check fo determine ff ihc changes obtained wHh thyroxin| (or tniodotyro- 
sine) are reversible? , ^ 



ERLC 



0 5 



38-1 



EXERCISE 38 - A iSTUDY OE PLANT COMMUNITIES 



, ,^JA * Field Exercise) ' 

^ " If you have completed Exercise .1^ and f Exercises 20 through 23, you have a speaking 

' - acquaintan>e with the variety of hving tHings and with some of the ways in which they repro- 

^ duce. That is, your mformation mclud^s somethmg about fruits, seeds, fruiting bodies and other 
reproduUive struUures .to b^ seen m the field. Exercises 6, 28 through 30 and;32 dealt in part with 
such environmental faUors as ligbt, temperature and salinity on the behavior of cejls and organisms 
Therefore, this exeruse.and the'one that follows may (;ome at the end'of the course where it^vill 
h^ve the effect of helping to integrate a great many facts about nature, or it maj^ come early in the 
course in an effort to help you see some^rather generalized biological problems fSting our society 
and scientists. Scientists as a group, see themselves trying to solve^puch problems ''^ 

In biology fhe vvord community has. the same meaning it has in sociology, that is, it is 
conceptualize^d as several different kinds or conditions of the same species'and Of different species 
interacting together in such a way as to produce the phenomenon of an increasing'or decreasing 
body of many parts. If we say lhat an organism is the associatiqn of orgair systems, morphologically 
integrated and physiologically^ coordinated ihtp an individual, then a superorganism may be de- 
scnbed as an ^ssouation of individuals, morphologically integrated ^nd physiologically coordinated 
to dp things that the individual organism c^not do^lone. In a way Gesfalt concepts come into play 
so that the whole ends up being tnore than just the sum of its parts, it is ^n organisation that fits 
together in a peculiar way in order to be the vital superorganism that is a community. ^ 

Materials and Equipment . ' ^ 

, ^^ield notebook and pencil 
• tape measure at least 33 feet long ^ ' . ./ 

^ .Photographic exposure meter * < • 

Procedures • ^ ^ • ' 
r Part A. A Field Trip 

The destination may be an^ natural area cpmmonly cajjed "grassy meadow,'' "savannah," 
"evergreen forest,'' "deciduous forest," etc., or any combination of these and some 'others. On this^ 
tnp note the kinds of plants in each "community" which falls into these and estimate roughly the 
percentage of each. ^- 



CATEGORY • 

Canopy Layer (at least 20 meters or 65 feet tall) 
Subcanopy Layer (not over 65 feet tall) 
Shrubs*{1.3 meters tall) . 
Herbs (non-w6ody plantf, many of ^hich are tall) 
Floor CQverfng'(may be leaves, needles, etc.) 



. PLANT ffppS • 

Woody Vegetation 
Deciduous 
. ' ' EveJgreen 

- Herbaceous Vegetation 
Grassi. 
Nonn^rass 

6 ; • 



SYMBOL 

D 
E 



G 



SYMBOL 

o • 
0 




DISTANCE ALONG LINE OF PROFILE 



Reading from Left to Right: 1 Ifvergreen, under 65 ft., 3 species of deciduous trees over 65 ft with 

a non-grass floor coven 3 species of decijduous and 2 species of evei^reens under 65 ft.'on th^ slope- 

-2 evergreen .and 3 deciduous species of shrub are fojind beneath a canopy formed of a single' 

deciduous species. Brook. FivQ species of passes and 7 of non-grasses are found beneath a grove of 

tall (over 65 ft.) deci'daous trees and 4 kinds of depiduous shrubs. f 

' ' ' *' • • 



Your team wifl be assigned a strip about It) to 20 yards wide, extending through the com- 
munity. Prepare a profile of the strip using tlie symbols listed above; 
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Part B. Study of A Site Within a Community • , 

A plot will be laid out for the class and your team will be assigned a subpibt to investigate Plot 
sizes will probably be as follows: ^ L * 

Trees; 10 x 10 meters /"^ ^ 

Shrubs or mediam-sized^vfegetation 2x2 meters ^ ' 

Low vegetation (herbs)^ 1 x l meter ' ' , 

Record the positions of vanous kinds of plahts on a grid representing your subplot. Also 
mdicate the. location of animal burrows, observed birds, insects on the ground, vege'tation and in the 
^r, etc. Don't forget to turn over a few rocks to see whaf's undemwthv . ^ * . 

Whfle surveying the various types of plants use these codes for density: 

, fc,= continuous growth ^ » ^ * * 

1 = individual plants, usually not touching each other : • 

jp = patches plus woody plants scattered alen© or^in groves, herbs in patdjes ^ ^ 
* r = rare, but conspicuous \ '* 

b = barren-vegetation largely cr entirely missing. - ^ ^ 1 , - 

Light I? an important physical factor. Use a light meter to me,asure the amount of light on' 
sunny areas, in shade besidelhrabs and under trees. (Measure seconds exposure at fl 1 using a film 
speed of 25 (KodacHrome).) ^ ^ *" • • . . 
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Part A. A Field Trip 



Kind of Community 
LocatioiT"!! '. 



\ 



Season. 



1' 

< 
> 

UJ 
UJ 

Q 
Z 
< 



DISTANCE ALONG LINE OF PROFILE 



Part B. Study of a Site Within- a Community 



Type of Commurtlly 
LocaMon :JL 



Season 



EXERCISE 39 - SUCCESSION FROM ONE ENVIRONMENT TO ANOTHER . 

I 



, • • . (A^Field£xercise) 

In the dudy of developn^nt we distinguish between a modulation and differeqtiations. A 
modulation is a change that is reversible and temporary , like contraction and relaxation. Differentia- • 
tion IS a^h^ange which is hot reversible, or at least not easily so. Some communities of plants, for 
example a meadow, may be Subject to certain temporary changes such as the appearance of !>easonaI 
plants, dormancy due to a lack of water, being covered with a layer of mud by a flood, and so forth. 
These conditions are reversed with a fetum to ''normal" conditions. Other environments, s3ch as a 
pond and its shoreline represent two separate environni^nts which grade into each other. Sometimes 
the 2:one of gradation is wide. and at other times it is very narrow. ■ , * 



I 



Materials^ana^ Equipment 

^d notebook»and pencil ^ , Geptomes "(shovels, mattocks) 

1 foot ruler marked'in cm. ' ' - • Sieve^* 
Small boat . , • ' PlaYikton net . 

Wading boots . ' \\ ' Glass-bottomed. buckets or boxes 

Weighted line equipped with hooks^ * • for underwater observation * 

Procedure for Field Trip ' » ^ 

Ybu will be divided into teams. Each member will have a specific job to do, such as recorder,^ 
digger, dipper, silver, sample collector and carrier, etc. YoUr instructor may assign each group in the 
class a particular kind of environment to study and afterwards arrange for notes to be compared so 
■ that you will get tY^ whole picture. An altehiative is to assign you a ^frip traversing all of the 
environments in the.crade and have you study the various organisitis in the succession. 

Part A. Plant Succession Starting With Open Water^ 
» 

We shall make observations on the kind. of biological organisms in and aipund a* pond, but 
particulariy plants, because they will stay put lortger ^o you can see them. The environments to be 
considered will be deep water, shallow water, exposed mud (wet soil), damp soil, ajjid dry land (with 
deeper underground water) and perhaps high ground if there is any nearby. 

When you arrive at tlie pond ask yourseljf if there is any apparent arrangement of the plant 
communities with regard to light and water. Is the pond bottom near the shore sandy and clean or 
covered with decaying plant material (sedimentX? Is the water clean and clear or is it filled with the 
bloom of algae? . . - 

If there is only'' one boat,, then only one team at ajime will be sent to investigate the deeper 
waters of the pond. Wading boots provide more protection for waders than do sneakers, but in^ny 
event one should not investigate the sliallows wading barefobted Jjierein. ' ' 

fn'deep waters look for animals such as fish, shrimp, and other aquatic^ creatures. Of course, 
collect and determine the types of submerged plants. Use the plankton net for collecting more 
minute mefnbers of the community. Drag the weighted hook <9long thQ*bottom and see what you 
•can bring up of biological interest. What similar characteristic^ do you see among the submerged 
plants? , ^ . 1 ' ^ 



In shalldwer water notice plants that are roote'd in the bottom but have submei^ed leaves and 
also those that have both submerged and floating leaves. Is there a limit to how far out aquatics are 
found' How near to the shore? Use'the observation bucket or box and gently push back'the leaf 
cover What kmds of animals do you see pass by beneath the leases? Examine the underside of some 
leaves? Are there any snails or other animals attached? 

At the edge of the wate^ there will usually be a variety of bullrushes.'^asses of otlier types 

mcluding "cat tails," etc. Are there floating plants? ' ♦ " 

J ■ . . » • ^ 

In wet sand-loam (mud) observe communities of sedge-grasses (swamp grass). Do you see any 
birds in this area? Are there any herbs or shrubs? 

On'dry and higher ground what kind, of trees are to be found? Are they near the water or 
^ further away'- If Ihey are located back from the pond are there herbs and shrubs in between? Does 
the tree community overlap herbs do.wn to the edge of the water? The final community is called the 
clwnax community. It may be either trees or grassland. Why should it be either of these? 

Succession At An Abandoned Farmsite or Forest Cutting . \/ 

* ■ ' ' ' ■ ' 

ReCiToval of the trees ^nd underbrush during logging of^ations or the cleanng of land for 
farming will bring the community picture badk to herbs and Jfass. When these sites are abandoned 
then the succession, begins back toward trees. If the clsfss cai^ visit such a site, determine tlie state of 
the Site ^nd predict what will happen in the next few years. This is more easily done if the time of 
the cutting or abajidonment is known. 

'Part B. Plant Succession Starting From Bate Rock Areas ' ' 

Outcroppings of rock of .sufficient size will provide a group of concentric communities (com- 
pare with those around ponds). Determine whether these are based upon the availability.of water or 
upon the depth of the soil or both. 

Plants on the Bare Rock ■ Examine the bare , rock for the presence of living material. Th'e crust-like 
'(crustose) plants here -may be gray, green, black or yellowish-orange. What is the rock surface hke 
beneath these plants? List the varieties. " . / 

Shallow Soil in Cracks and Crevices. Such soil is made up of grains of rock.i)lant litter and settled 
tlust- which forms a substrate which may be only ^ few millimeters deep for the rooting of plants. 
List (he kinds you find |?ere. Are they like the bare-rock plants in any way? Measure the depth of 
the soil Can you give any reason why the plants in this shallow soil should crowd out the bare rock 
plants? " . ■ ~ 

Shallow Soil Over Rock Substrate, List the kinds of plants to be found where the soil is only a few 
centimeters deep.^Becaitse of its shallowness it may not be able to hold much watp^nd may be dry. 

Established Soil This area ysualW is inhabited brassoci'ations of herbaceous plants. List the kinds 
present Is ther^ a gradation through shrubs to trees or ar^ these kiwds of communities overlapping? 
Map the arejs occupied "by herbs, shrubs and trees. Whaf kinds of plants form the climax com- 
munity at the site ^^^.are studying? ■ .. 

Re-assemble promptly on 'call or signal from the instructor. Cap all liquids securely for trans- 
port. Start preservation procedures as soon as possible after return to the laboratory. 

Report ■ • , * 

Draw a map of the sites yop have examined indicating the kinds of environments and the kinds 
of plants found within each plus any other data of interest such as birds or other animals associated 
.with the site. Refer to Exercise I for the. structure of a scientific report. 



* EXERCISE 40 

i_ 



Materials and Equipment 

pH paper ' . ...^ • Living Materials ^ ' ' 
Petri dishes 

HCI (diluted) Ants 

?Sodium hydroxide (diluted) ^ Paramecium 

Medicine^roppers Rana pipiens 

Ehrlenmeyer flasks * . ^ ' Daphnia ' 

Cotton ^ . .Cyclops ^ , 

1 liter beaker ^ - , Various other animals may be used 

Procedures • . * ' , 

Part A. The Effect of Temperature* 

. The effect of temperature is most easily demonstrated on poikilo thermic animals sucfi as 
^Onphibians or insects. 

1 A frog may be used to demonstrate tolerance te^a temperature range quite simply. Place a frog m 
a jar with one inth of , water at about 25*'C. The jar should have a perforated lid, and a t^hermometer 
should be inserted through ohe of the perfotationsso that the temperature of the water next to the 
frog may be recorded. Place this apparatus within an ice bath (a large beaker covered with crushed 
ice and some salt on its bottom will do). Every five minutes or less (according to how rapidly the 
temperature of the water changes) record the rate of buccal pumping (movement of the floor of the 
mouth) pf the frog. This is equivalent^to measuring how often we breathe per minute. Keep records 
until the temperature nojonger dropS. Observe and record the change in activity pattern of the frog. 

Repeat this experiment, this time, with a hot water bath raising the temperature steadily until 
50 C is reached. Repeat records of buccal pump rate and activity as above. Is there ever too much of 
a good thing? 

2 Place on? ant in the bottom of a 250cc ehrlenmeyer fiask, plug the lid with cotton if necessary. , 

Place the ant in water both at room tempcrafure. Record the approximate distance he walks ib a 

minute (This can be estimated if you know the d'istance across the bottom of the erlenmeyer fiask.) 

Now begin cooling the fiask by addition of cold tap water-cool it, S^'C and again record the ant's 

activity, continue cooling and recording. Ice should be added when the tap water is no longer 

adequate Record and cool until the temperature no longer decreases-^ record at several 5 minute 

intervals at tho^ lowest temperature obtained. 

* ***** 
Now, Inverse the experiment,* raising 'the temperature in 5**C units and recording distance 

traveled in a riiinute until a temperature of 90**C is reached. 

NOTEi At each temperature allow a minute or two before measuring the ant's activity. 
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Part B» The Effect of Hydrogen Ion Concentration (pH) 

All organisms depend on a tolerable taoge, of hyUrogen ion concentration. It is most easily 
t ^ demonstrated with sniall aquatic cre/atures. ^ / 

1^ The effects of pH on Paramecium sp is easily demonstrated. Set up* a series of petri dishes 
(standard size) so that each dish will have about 25cc of water (tap water will do as well as distilled 
wa^er). Obtain a dilute solution of HCl -and also one ofJSaOH. Add acid or Base dropwise into the 
different dishes, measurmg your effect with pH paper until you have a range of pH of perhaps 2 to 
12. (It is not necessary to have exactly 12 dishes nor to have pH's of any exact value, the objective 
is to get the range and not make the intervals too large.) " 

Obtain a dense culture of Paramecium, Pipette 1 ml. of this culture into'each of the dishes you 
have prepared. At 5 minute intervals for Vi hour record the percent alive and dead in 4dch dish.. This 
will require the use of a dissecting microscope. 

2. This same situation can be used with cultures of .any microcrustacean types available (e.g., 
Daphnia, Cyclops, or other small aquatic animals such as rotifers. If Daphnia or Cyclops is used, 
these are large enough so that a microscope will not be necessary. If species are available from acidic 
wate^ (e.g'., a sphagnum bog) their tolerances may be compared with those obtained from waters 
. approachiijg neutrality or perhaps being a little basic (10-20 animals/dish will^be adequate, if 
po^ible repJioates should always be set-up). » 
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Effect of Physical and Chemical Factors pn Animals 
Part A. The Effect of Temperature 
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EXERCISE 41 - TERMITE-FLAGELLATE INTERACTION . , 



Mat^nals and Equipment 

Microscope slide ^ ^ • Forceps 

Tap water or saline solution Cover slip 

Microscope • . Liv6 termite 

Procedure . ^ 

Obtain a termite from the jar and place it on a slide. With a forcep or dissecting pin squeeze its 
abdomen until the contents are .evacuated or the abdomen is squashed. Place a drop 6> tap water or 
a shghtly saline, solution (.why is the latter better?) on the abdominal contents, push the rest of the 
"termite aside, and place a cover slip over the material. Examine under the compound microscope 

Conolusion: Questions for Discussion ' , 

Ir Are there fiviug organisms present? ^ 



4^ 



, 2. WJiat do these organisms look like^ 



IT 



3. What is the possible, relationship between the termite and these microorganisms? 

4. How. could you test the hypothesis that the relatinship is an obligatory mutualism? 



5. What does a termite eat? Can you eat this? £an most animals eat this? What is the nutrient*^ . 
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Tcrmite-FIagellate Interaction 



r 



1: 



ERiC^ 



Question 2. Above are some sketches of. what the*oiganisms looked like. . , 
3. What IS the possible relationship between the termite and these microorganisms'' 



? 

V 



4. How could yjou test thrhypothesisnhat the relationship is an obligatory mu.taliSm'' _ " ' 



5. What does a termite'^lat? -Can you eat this? Can you digest it? Can many animals eat this ' 
substance? How do animals gel nutrients out of this substance? 



.V-.' 

EXERCISE 42 - GROWTH OF A' POPULATIOK* V f 



42^1 



(Yeast Culture) 



Materials ^fjd Equipment 



Yeast (6.g.. like tinfoil packages sold in groceries) * 
* • . Sugar 

Pipettes (eye-dropper with narrowbore) 
Microscopes ' , ^ 

Distilled water \ 1 ^ • . * • 

Stage rtiicrometers or metric plastic rules 
Test tubes * 
. Microscope slides. . 
/ 6overslips(microscop^y 

Procedure ' * . • ' 

1. Your teacher wilUprepare a 5 to 10% aqueous solution of sugar orinolasses. Add on^half of a 
package of dned yeast to SOO ml. of mediop. (Ricrease growth by adding 15 to 25 beans or peas ) 

2. Place most (about ^75 ml.) of the culture in fermentation t«bes, leaving enough for the group to 
' get an mkiah count of yeast cells per field, (0- Place the tubes in a warm area" (25 to30''C -^77 to 

V &b¥y Within 6 to 24 hours a sample of the culture should be investigated for possible changes * At 
this^ poml data collecting may begin by periodically checking the culture for a change in yeast 
population (every 6, 1 1] or 24 hours). Jhis data collected is plotted on a gfaph. 

* • . • • 

Measurements • ' * ^ ' . 

1. ^ Determine the area of a coverslip (K) , " . • , . * , 

Square sidQ sq\iared 

' Circle pi x radius squared ' \ ^ 

2. Determine the afca, of a microscopy field * ^- 

• /Low power microscope field (A) lOOX* ^ ' ; * ^ 

. *^ High dry microscope field (B>440X- . ' - ' ' . ' 

Hint . ; , • ^' * 

The diameter of the microscope field can be^measureddirec.tly with the aid ofil||t^ge microM- 
eter or a sm^ cljsar plastic rule (iVietric); ' ; ' . ; ^ ' H ' . 



/ ■ • •• -1 ■■■■■■ ■ ' 

♦Would the lag phase be longer or shorter if the culture were placed in a refrigerator'* What Wou]d 
be the effect on the time axis of the gt^ph if we started the yeast with 1^20 package in 500 cc ^ . 
instead of V4 package^ ^ ^ ^ / : \ ' 



tourtcsy Robert J. Anthony, Jackson State Collage. 

•■' . • .' ; - ■-, . 

erJc ^' • 'j2i 



3 Fikc a known volume (V) of a sample, place it on a slide with an eye dropper pipptte. Gently 
pbijc a covcr^shp' over the sample (if liquid emerges beyond the edges of cover slip repeat the 
process until it ^ocs not t)ccur), Count the number of cells observed in a microscopic field. Then 
take similar samples at intervals of 6, 1 2 or 24 hours and record your observations. 

4. Ixt (0 equal the numb,cr of fields counted. ' , ; • * • ^ 



^ Ll-t (N) L;(}ual lo the number of organisms counted per field (counted organisms/field). If the 
number per field |s larger than, 1 50 organisms, dilute* 

(y The value A us the area of the low power field if you use high power substitute B in the piace of 
A. You nave calculated both in two above. 

^7 (K/A)N(I ml./y)i;qual to the number of organisms per millimeter (ml). 
Unit ' * ^ 

' • .A good mie for sample counting \^ to obtain N for at least 10 fiejds or to count as many fields 
' necessary to oKtain an N of at least 1 00 if organisms are very sparse. 

Ctilibration' * - 

Your teqcher wiN supply you with eye dropper pipettes and some graduate cylinders ( 10\x to 
25 CO Qhbrate the pipette by counting and recording the number bf drops of water needed to 
produce 5 cc of v^ater You are now ^bie to determine the number of drops in Kcfc and thQ value of 
on6 drop pi \vater ol your sample taken under three above 

Sample Problem ' ' ' . 

* If too (frops equal to 5.cc (100/5 ce) theh there are 20 drops in j ccs(20/c"c). Therefore 1 
drop IS- equal to 1/20' of a cc or 0.05 cc. This represents the value, V, in the equsL^.'Suppose K = ' 
400mm--. and ^ = Srflm^; and the total count for tO fields, N, = 50 then by seven 5§9ve. 

.■ . " 400 (50)1 = 8g (.50) 20 = 8O,0OQ/ml. 

5 . ..05 - ■ ■ ' .. 
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Area of the microscope fields: LoW Powei': 

High Power: 

Number of cells per field on HP after the following times 
V Time » / 1 . Cells per Field 



/ 
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